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DETECTION AND MODULATION OF THE lAPs AND NAIP FOR THE 
DIAGNOSIS AND TREATMENT OF PROLIFERATIVE DISEASE 

5 Background of the Invention 

The invention relates to the diagnosis and treatment of proliferative disease, in 

particular, cancer. 

One mechanism by which cells die is referred to as apoptosis, or programmed cell 
death. Apoptosis often occurs as a normal part of the development and maintenance of 

10 healthy tissues, and is now known to play a critical role in embryonic development. The 
failure of a nomial apopiotic response has been implicated in the development of cancer; 
autoimmune disorders, such as lupus epylhematosis and multiple sclerosis; and in viral 
infections, including those associated with herpes virus, poxvirus, and adenovirus. 

Compared to the numerous growth promoting genes identified to date (>100) 

1 5 relatively few genes have been isolated that regulate apoptosis. Baculoviruses encode 

proteins temied inhibitors of apoptosis proteins (lAPs) which inhibit the apoptosis that would 
otheru'ise occur when insect cells are infected by the baculo virus. The baculovirus lAP 
genes include sequences encoding a ring zinc finger-like motif (RZF), which is presumed to 
be directly involved in DNA binding, and two N-terminal domains that consist of a 70 amino 

20 acid repeat motif termed a BIR domain (Baculovirus lAP Repeat). Mammalian lAP family 
members, and a related anti-apoptotic polypeptide, NAIP, have recently been identified. 

Both normal cell types and cancer cell types display a wide range of susceptibility to 
apoptotic triggers. Many normal cell types undergo temporary growth arrest in response to a 
sub-lethal dose of radiation or cytotoxic chemical, while cancer cells in the vicinity undergo 

25 apoptosis. This provides the cnicial treatment "window" of appropriate toxicity that allows 
successful anti-cancer therapy. It is therefore not surprising that resistance of tumor cells to 
apoptosis is emerging as a major category of cancer treatment failure. Finding compounds 
which overcome or prevent this resistance would greatly improve cancer therapies. 



30 



Summary of the Invention 
We have discovered that lAP and NAIP overexprcssion are specifically associated 
with a wide range of cancer tN^pes including ovarian cancer, adenocarcinoma, lymphoma, and 
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pancreatic cancer. The presence of a fragmented lAP polypeptide in the nucleus, and an 
overexpression of an lAP polypeptide in the presence of a p53 mutation correlates with a 
cancer diagnosis, a poor prognosis, and a resistance to numerous chemotherapeutic cancer 
drugs. In addition, we have found that an therapeutic agent that reduces the biological 
5 activity of an iAP polypeptide will induce apoptosis in a cell expressing the polypeptide (eg., 
a cell that is proliferating in a proliferative disease). These discoveries provide diagnostic 
and prognostic methods for the detection and treatment of proliferative diseases, and provide 
therapeutic compounds useful for the treatment of proliferative diseases, particularly cancer. 
In a first aspect, the invention features a method for enhancing apoptosis in a cell 

10 from a mammal with a proliferative disease, the method including administenng to the cell a 
compound that inhibits the biological activity of an IAP polypeptide or a NAIP polypeptide, 
the compound being administered to the cell in an amount sufficient to enhance apoptosis in 
the cell. In one embodiment of this aspect of the invention, the cell is proliferating in the 
proliferative disease. In another embodiment, the biological activity is the level of 

1 5 expression of the polypeptide (measured, for example, by assaying the amount of polypeptide 
present in the cell); the level of expression of an niRNA molecule encoding the polypeptide; 
or an apoptosis-inhibiting activity. 

In various embodiments of the first aspect of the invention, the polypeptide js selected 
from the group consisting of HIAP>i, m-HIAP-1, HLAP-2, n>HIAP-2, XI AP, and m-XIAP. 

20 In other embodiment, the polypeptide is NAIP, XIAP, Hi AP- 1 , or HI AP-2. In other 

preferred embodiments, the mammal is a human or a mouse, and the proliferative disease is 
cancer, for example, a cancer in a tissue selected from the group consisting of ovar>', breast, 
pancreas, lymph node, skin, blood, lung, brain, kidney, liver, nasopharyngeal cavity, thyroid, 
central nervous system, prostate, colon, rectum, cervix, endometrium, and lung. 

25 In various preferred embodiments of the first aspect of the invention, the compound is 

a negative regulator of an IAP or an NAIP-dependent anti-apoptotic pathway; a fragment of 
the IAP polypeptide, the fragment including a ring zinc finger and having no more than two 
BIR domains; a nucleic acid molecule encoding a ring zinc finger domain of the IAP 
polypeptide; a compound that prevents cleavage of the IAP polypeptide or the NAIP 

30 polypeptide; a purified antibody or a fragment thereof that specifically binds to the IAP 

polypeptide or the NAIP polypeptide: a ribozyme; or an antisense nucleic acid molecule have 
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a nucleic acid sequence that is complementary to the coding strand of a nucleic acid sequence 
encoding the 1AP polypeptide or the NAIP polypeptide. Preferably, the cleavage is decreased 
by al least 20% in the cell; the antibody binds to a BIR domain of the lAP polypeptide or the 
NAIP polypeptide; the nucleic acid sequence encoding the lAP polypeptide or the NAIP 

5 polypeptide has about 50% or greater identity with the nucleotide sequence of SEQ ID NO: 
3, SEO ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13.'or the 
nucleic acid sequence of NAIP; the antisense nucleic acid molecule decreases the level of the 
nucleic acid sequence encoding the LAP polypeptide or the NAIP polypeptide by at least 
20%. the level bcint; measured in the cytoplasm of the ceil; the antisense nucleic acid 

1 0 molecule is encoded by a virus vector; or the antisense nucleic acid molecule is encoded by 
transgene. 

In a second aspect, the invention features a method for detecting a proliferative 
disease or an increased likelihood of the proliferative disease in a mammal that includes: (a) 
contacting an LAP or a NAIP nucleic acid molecule thai is greater than about 18 nucleotides 

1 5 in length with a preparation of nucleic acid from a cell of the mammal, the cell proliferating 
in the disease, the cell from a tissue: and (b) measuring the amount of nucleic acid from the 
cell of the mamma! that hybridizes to the molecule, an increase in the amount from the cell of 
the mammal relative to a control indicating a an increased likelihood of the mammal having 
or developing a proliferative disease. In one embodiment, the method further includes the 

20 steps of: (a) coniaciing the molecule with a preparation of nucleic acid from the control, 

wherein the control is a cell from the tissue of a second mammal, the second mammal lacking 
a proliferative disease; and (b) measuring the amount of nucleic acid from the control^ an 
increase in the amount of the nucleic acid from the cell of the mammal that hybridizes to the 
molecule relative to the amount of the nucleic acid from the control indicating an increased 

25 likelihood of the mammal having or developing a proliferative disease. 

In one embodiment of the methods of the second aspect of the invention, the method 
further includes the steps of: (a) providing a pair of oligonucleotides having sequence identity 
to or being complementary to a region of the lAP or the NAIP nucleic acid molecule; (b) 
combining the pair of oligonucleotides with the nucleic acid under conditions suitable for 

30 polymerase chain reaction-mediated nucleic acid amplification; and (c) isolating the 
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amplified nucleic acid or fragnient thereof. Preferably, (he amplification is carried out using 
a reverse-transcription polymerase chain reaction {e.g., RACE). 

In one embodiment of the second aspect of the invention, the method provides 
measuring the nucleic acid having a nucleotide sequence that has about 50% or greater 
5 identity with the nucleotide sequence of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ 
ID NO: 9, SEQ ID NO: 1 K SEQ ID NO: 1 3, or the nucleic acid sequence of NAIP. In other 
embodiments, the method provides measuring the nucleic acid having a nucleotide sequence 
that has about 50% or greater identity with the nucleotide sequence of SEQ ID NO: 3, SEQ 
ID NO: 5, SEQ ID NO: 7, or NAIP. 
10 In a third aspect, the invention features a method for detecting a proliferative disease 

or an increased likelihood of deveIoping,the disease in a mammal, the method including 
measuring the level of biological activity of an lAP polypeptide or a NAIF polypeptide in a 
sample of the mammal, an increase in the level of the lAP polypeptide or the NAIP 
polypeptide relative to a sample from a control mammal being an indication that the mammal 
1 5 has the disease or increased likelihood of developing the disease. In various embodiments, 
the sample includes a cell that is proliferating in the disease from the mammal, the cell from a 
tissue; and the sample from a control mammal is from the tissue, the sample consisting of 
healthy cells. In another embodiment, the mammal and the control mammal are the same. 
In various embodiments of the third aspect of the invention, the biological activity is 
20 the level of expression of the polypeptide (measured, for example, by assaying the amount of 
the polypeptide present in the cell); wherein the biological activity is the level of expression 
of an mRNA molecule encoding the polypeptide; or wherein the biological activity is an 
apoptosis-inhibiting activity. In another embodiment, the polypeptide is selected from the 
group consisting of HIAP-I, m-HlAP-1, HIAP-2, m-HIAP-2, XI AP, and m-XIAP. In other 
25 embodiments, the polypeptide is NAIP. XIAP, HIAP- 1 , or HI AP-2. 

In a fourth aspect, the invention features a method for identifying a compound 
enhances apoptosis in an affected cell that is proliferating in a proliferative disease that 
includes exposing a cell that overexpresses an lAP polypeptide or a NAIP polypeptide to a 
candidate compound, a decrease the level of biological activity of the polypeptide indicating 
30 the presence of a compound that enhances apoptosis in the affected cell that is proliferating in 
the proliferative di-sease. 



wo 98/35693 



PCT/IB98/0078I 



- 5 - 

In a fifth aspect, the invention features a method for identifying a compound that 
enhances apoptosis in an affected cell that is proliferating in a proliferative disease that 
includes the steps of: (a) providing a cell including a nucleic acid molecule encoding a lAP 
polypeptide or a nucleic acid molecule encoding a NAIP polypeptide, the nucleic acid 
5 molecule being expressed in the cell; and (b) contacting the cell with a candidate compound 
and monitoring level of biological activity of the lAP polypeptide or the NAIP polypeptide in 
the cell, a decrease in the level of biological activity of the lAP polypeptide or the NAIP 
polypeptide in the cell in response lo the candidate compound relative to a cell not contacted 
with the candidate compound indicalini: the presence of a compound thai enhances apoptosis 
10 in the affected cell that is proliferating in the proliferative disease. Preferably, the cell further 
expresses a p53 polypeptide associated with the proliferative disease. 

In various embodiments of the fourth and fifth aspects of the invention, the biological 
activity is the level of expression of the polypeptide (measured, for example, by assaying the 
amount of the polypeptide present in the cell); wherein the biological activity is the level of 
1 5 expression of an mRNA molecule encoding the polypeptide; or wherein the biological 
activity is an apoptosis-inhibiting activity. In another embodiment, the polypeptide is 
selected from the group -consisting of HIAP-1, m-HIAP- 1 , HIAP-2, m-HIAP-2, XIAP, and 
m-XlAP. In other embodiments, the polypeptide is NAIP, XIAP, HIAP-1, or HIAP-2. 

In a sixth aspect, the invention features a method for detemiining the prognosis of a 
20 mammal diagnosed with a proliferative disease that includes the steps of: (a) isolating a 
sample fi*om a tissue from the mammal; and (b) detemiining whether the sample has an 
increased an level of biological activity of an lAP polypeptide or an NAIP polypeptide 
relative to a control sample, an increase in the level in the sample being an indication that the 
mammal has a poor prognosis. In various embodiments of this aspect of the invention, the 
25 sample includes a cells that is proliferating in the proliferative disease and the control sample 
is from the tissue, the control sample consisting of healthy cells; and the sample and the 
control sample are from the mammal. Preferably, the sample further includes a cell 
expressing a p53 polypeptide associated with the proliferative disease. 

In various embodiments of the sixth aspect of the invention, the biological sfctivity is 
30 the level of expression of the polypeptide (measured, for example, by assaying the amount of 
the polypeptide present in the cell); wherein the biological activity is the level of expression 
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of an mRNA molecule encoding the polypeptide; or wherein the biological activity is an 
apoptosis-inhibiting activity. In another embodiment, the polypeptide is selected from the 
group consisting of HIAP-l, m-HIAP-1, HIAP-2, m-HIAP-2, XIAP, and m-XlAP. In other 
embodiments, the polypeptide is N AIP, XIAP, HIAP-L or HlAP-2. In a preferred 
5 embodiment, the level is assayed by measuring the amount of I AP peptide of less than 64 
kDa present in the sample. 

In a seventh aspect, the invenlion features a method for detemiining the prognosis of 
a mammal diagnosed with a proliferative disease lhal includes the steps of: (a) isolating a 
sample from the mammal, the sample having a nuclear fraction; and (b) measuring the 
10 amount of a polypeptide lhal is recognized by an antibody thai specifically binds an lAP 
polypeptide or an antibody lhal specifically binds an NaMP polypeptide in the nuclear 
fraction of the sample relative an amount from a control sample, an increase in the amount 
from the sample being an indication that the manmial has a poor prognosis. In preferred 
embodiments of this aspect of the invention, the sample is from a tissue of the mammal, the 
1 5 sample including a cell that is proHferating in the proliferative disease, and the control 
sample is from the tissue, the control sample consisting of healthy cells. In another 
embodiment, the sample and the control sample are from the mammal. 

In various embodiments of the seventh aspect of the invention, the biological activity 
is the level of expression of the polypeptide (measured, for example, by assaying the amount 
20 of the poKpepiide present in the cell); wherein the biological activity is the level of 
expression of an mRNA molecule encoding the polypeptide; or wherein the biological 
activity is an apoptosis-inhibiting activity. In another embodiment, the polypeptide is 
selected from the group consisting of HIAP-1, m-HIAP-1, HIAP-2, m-HIAP-2, XIAP, and 
m-XIAP. In other embodiments, the polypeptide is NAIP, XIAP, HIAP-l, or HIAP-2. In 
25 another embodiment, the amount is measured by immunological methods. 

In an eighth aspect, the invention features a method for treating a mammal diagnosed 
as having a proliferative disease thai includes the steps of: (a) measuring the amount of an 
lAP or NAIP polypeptide in a first sample from a tissue from the mammal, the first sample 
including a cell that is proliferating in the proliferative disease; (b) measuring the amount of 
30 the polypeptide in a second sample from the tissue, the second sample consisting of healthy 
cells; (c) detecting an increase in the amount of the polypeptide in the first sample to the 



wo 98/35693 



PCT/IB98/00781 



- 7 - 

amount of the polypeptide in the second sample; and (d) treating the manunal with a 
compound that decreases the biological activity of the polypeptide. Preferably, the first 
sample and the second sample are from the mammal. 

In various embodiments of the eighth aspect of the invention, the biological activity is 

5 the level of expression of the polypeptide (measured, for example, by assaying the amount of 
the polypeptide present in the cell); wherein the biological activity is the level of expression 
of an mRNA molecule encoding the polypeptide; or wherein the biological activity is an 
apoptosis-inhibiiing activity. In another embodiment, the polypeptide is selected from the 
group consisting of HIAP-K nvHlAP-l , HIAP-2, n>HlAP-2, XIAP, and m-XIAP. In other 

10 embodiments, the polypeptide is NAIP, XIAP, HlAP-1, or HIAP-2. 

In a ninth embodiment, the invention features the use of a compound that decreases 
the biological activity an lAP polypeptide or a NAIP polypeptide for the manufacture of a 
medicament for the enhancement of apoplosis. 

In various embodiments of the ninth aspect of the invention, the biological activity is 

15 the level of expression of the polypeptide (measured, for example, by assaying the amount of 
the polypeptide present in the cell); wherein the biological activity is the level of expression 
of an mRNA molecule encoding the polypeptide; or wherein the biological activity is an 
apoptosis-inhibiting activity. In another embodiment, the polypeptide is selected from the 
group consistmg of HIAP-L ni-HIAP-1, HIAP-2, m-HlAP-2, XIAP, and m-XIAP, In other 

20 embodiments, the polypeptide is NAIP, XIAP, HIAP-1. or HlAP-2. 

In a tenth aspect, the invention features a kit for diagnosing a mammal for the 
presence of a proliferative disease or an increased likelihood of developing a proliferative 
disease, the kit compromising an oligonucleotide that hybridizes to a nucleic acid sequence 
that encodes an lAP polypeptide or a NAIP polypeptide. 

25 In various embodiments of the tenth aspect of the invention, the biological activity is 

the level of expression of the polypeptide (measured, for example, by assaying the amount of 
the polypeptide present in the cell); wherein the biological activity is the level of expression 
of an mRNA molecule encoding the pol^^peptide; or wherein the biological activity. is an 
apoptosis-iiiliibiting activity. In another embodiment, the polypeptide is selected from the 

30 group consisting of HIAP-I, m-HIAP-'l , HIAP-2, m-HIAP-2, XIAP, and m-XlAP. In other 
embodiments, the polypeptide is NAIP, XIAP, HIAP-1 , or HlAP-2. 
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In an eleventh aspect, the invention features a transgenic mammal, the mammal 
having an elevated level of hiologicat activity of an lAP polypeptide or a NAIP polypeptide. 

In various embodiments of the eleventh aspect of the invention, the biological activity 
is the level of expression of the polypeptide (measured, for example, by assaying the amount 
5 of the polypeptide present in the cell); wherein the biological activity is the level of 
expression of an mRNA molecule encoding the polypeptide: or wherein the biological 
activity is an apoptosis-inhibiling activity. In anotiier embodiment, the polypeptide is 
selected from the group consisting of HIAP-L m-HlAP-K HlAP-2, m-HIAP-2, XIAP, and 
m-XlAP. In other embodiments, the polypeptide is NAIP, XIAP, HIAP-1. or HIAP-2. 

1 0 By "lAP gene^' is meant a gene encpding a polypeptide having at least one BIR 

domain and is capable of modulating (inlnbiling or enhancing) apoptosis in a cell or tissue 
when provided by other intracellular or exiracellular deliveiy methods (see, e.g., the 
U.S.S.N.s 08/51 K485. 08/576,965, and PCT/1B96/01022). In preferred embodiments the 
lAP gene is a gene having about 50% or greater nucleotide sequence identity to at least one 

15 of the lAP amino acid encoding sequences of Figs. 1-6 (SEQ ID NO: 3, SEQ ID NO: 5, SEQ 
ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11 , and SEQ ID NO: 1 3) or portions thereof, or has a 
ring zinc fmger domain. Preferably, the region of sequence over which identity is measured 
is a region encoding at least one BIR domain and a ring zinc fmger domain. Mammalian lAP 
genes include nucleotide sequences isolated from any mammalian source. Preferably, the 

20 mammal is a human. The term **IAP gene" is meant to encompass any member of the family 
of genes that encode inhibitors of apoptosis. An lAP gene may encode a polypeptide that has 
at least 20%, preferably at least 30%, and most preferably at least 50% amino acid sequence 
identity with at least one of the conserx'ed regions of one of the lAP members described 
herein (/.<?.. either the BIR or ring zinc finger domains from the human or murine XIAP, 

25 HTAP-1 , or HlAP-2). Representative members of the lAP gene family include, without 
limitation, the human and murine XIAP, HIAP-L or HIAP-2 genes. 

By "a virus vector" is meant a functional or attenuated virus that is capable of 
delivering to a virus-infected cell a nucleic acid molecule. Preferably, the virus vector has 
been genetically engineered according to standard molecular biology lecliniques to bear a 
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heterologous nucleic acid molecule. Vims vectors include, without limitation, adenoviruses, 
retroviruses, baculoviruses, cytomegaloviruses (CMV), and vaccinia viruses. 

By "lAP protein" or "I-^P poiypeptide" is meant a polypeptide, or fragment thereof, 
encoded by an lAP gene. 
5 By "NAIP gene" and "NAIF polypeptide'* is meant the NAIP genes, fragments 

thereof, and polypeptides encoded by the same described in UK9601 10S.5 filed January 19, 
1996 and PCT Application No. PCT/IB97/00142 (claiming priority from UK9601 108.5) filed 
Januarv' 17, 1997. 

By "BIR domain*' is meant a domain having the amino acid sequence of the 

10 consensus sequence: Xaal-Xaal-Xaal-Arg-Leu-Xaal-Thr-Phc-Xaal-Xaal-Trp-Pro-Xaa2-Xaal- 
Xaal-Xaa2-Xaa2-Xaal-Xaal-Xaal-Xaal-Leu-Ala-Xaal-Ala-Gly-Phe-Tyr-Tyr-Xaal-Gly-Xaal- 
Xaal-Asp-Xaal-Val-Xaal-Cys-Phe-Xaal-Cys-Xaal-Xaal- Xaal-Xaal-Xaal-Xaal-Trp-Xaal- 
Xaal-Xaal-Asp-Xaal-Xaal-Xaal- Xaal-Xaal-His-Xaai-Xaal-Xaal-Xaal-Pro-Xaal-Cys-Xaal- 
Phe-Va]. wherein Xaal is any amino acid and Xaa2 is any amino acid or is absent (SEQ ID 

1 5 NO: 2). Preferably, the sequence is substantially identical lo one of the BIR domain 
sequences provided for XIAP, HIAP-1 , or HIAJP-2 herein. 

By *'ring zinc fmgef ' or **RZF" is meant a domain having the amino acid sequence of 
the consensus sequence: Glu-Xaal-Xaal-Xaal-Xaal-Xaal-Xaal-Xaa2-Xaal-Xaal-Xaal-Cys- 
Lys-Xaa3-Cys-Met-XaaI.Xaal-Xaal-Xaal.Xaal-Xaa3-Xaal-Phe-XaaI-Pro-Cys-Gly-His-XaaI- 

20 Xaal-Xaal-Cys-Xaal-Xaal-Cys-Ala- Xaal-Xaal-Xaal-Xaal-Xaal-Cys-Pro-Xaal-Cys, wherein 
Xaal is any amino acid, Xaa2 is Glu or Asp, and Xaa3 is Val or He (SEQ ID N0:1). 

Preferably, the sequence is substantially identical to the R2F domains provided herein 
for the human or murine XIAP, HI AP- 1 , or HI AP-2. 

By "enhancing apoptosis'' is meant increasing the number of cells which apoptosc in 

25 a given cell population. Preferably, the eel) population is selected from a group including 
ovarian cancer cells, breast cancer cells, pancreatic cancer cells, T cells, neuronal cells, 
fibroblasts, or any other cell line known lo proliferate in a laboratory setting, It will be 
appreciated that the degree of apoptosis enhancement provided by an apoptosis enhancing 
compound in a given assay will vary, but thai one skilled in the art can determine the 

30 statistically significant change in the level of apoptosis which identifies a compound which 
enhances apoptosis otherwise limited by an I AP. Preferably, "enhancing apoptosis" means 
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that the increase in the number of ceils undergoing apoptosis is at least 25%, more preferably 
the increase is 50%. and most preferably the increase is at least one-fold. Preferably, the 
sample monitored is a sample of cells which normally undergo insufficient apoptosis (i.e., 
cancer cells). 

5 By *'proliferative disease" is meant a disease which is caused by or results in 

inappropriately high levels of cell division, inappropriately low levels of apoptosis. or both. 
For example, cancers such as lymphoma, ieiikemia, melanoma, ovarian cancer, breast cancer, 
pancreatic cancer, and lung cancer are all examples of proliferative disease. A neoplasm {i.e., 
any abnomial proliferation of cells, malignant or benign), is also a proliferative disease of the 
10 invention. 

By a "cell proliferating in a proliferative disease"' is meant a cell whose abnormal 
proliferation contributes to the disease. Preferably, the cell expresses the antigen PCNA. 

By "polypeptide" is meant any chain of more than two amino acids, regardless of 
post-translational modification such as glycosylation or phosphorylation. 

1 5 By **l AP or NAIP biological activity" is meant any activity known to be caused in 

vivo or in vitro by a NAIP or an lAP polypeptide. Preferred biological activities of iAP and 
NAIP polypeptides are those described herein, and include, without limitation, a level of 
expression of the polypeptide thai is normal for that cell type, a level of expression of the 
mRNA that is nomial for that cell type, an ability to block apoptosis, and an ability to be 

20 cleaved. 

By a "compound that decreases the biological activity" is meant a compound that 
decreases any activity known to be caused in vivo or in vitro by a NAIP polypeptide or an 
lAP polypeptide. Preferred compounds include, without limitation, an antisense nucleic acid 
molecule that is complementary' to the coding strand of nucleic acid molecule that encodes an 

25 I AP or a NAIP polypeptide; an antibody, such as a neutralizing antibody, that specifically 
binds to an lAP or a NAIP polypeptide; and a negative regulator of an lAP or a NAIP 
polypeptide, such as a polypeptide fragment that includes the ring zing finger of an lAP 
polypeptide, a polypeptide fragment that has no more than two BIR domains, or nucleic acid 
molecules encoding these polypeptide fragments. 

30 By "substantially identical" is meant a polypeptide or nucleic acid exhibiting at least 

50%, preferably 85%, more preferably 90%, and most preferably 95% homology to a 
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reference amino acid or nucleic acid sequence. For polypeptides, the length of comparison 
sequences will generally be at least 16 amino acids, preferably at least 20 amino acids, more 
preferably at least 25 amino acids, and most preferably 35 amino acids. For nucleic acids, 
the length of comparison sequences will generally be at least 50 nucleotides, preferably at 
5 least 00 nucleotides, more preferably at least 75 nucleotides, and most preferably 
1 10 nucleotides. 

Sequence identity is typically measured using sequence analysis software with the 
defauli parameters specified thereni (c-g.. Sequence Analysis Software Package of the 
Genetics Computer Group, University of Wisconsin Biotechnology Center. 1710 University 

10 Avenue. Madison, Wl 53705). This software program matches similar sequences by 

assigning degrees of homology to various substitutions, deletions, and other modifications. 
Conserx'-ative substitutions typically include substitutions within the following groups: 
glycine, alanine, valine, isoleucine, leucine; aspartic acid, glutamic acid, asparagine, 
glutamine; serine, llireonine; lysine, arginine; and phenylalanine, tyrosine. 

1 5 By * 'substantially pure polypeptide'' is meant a polypeptide that has been separated 

from the components that naturally accompany it. Typically, the polypeptide is substantially 
pure when it is at least 60%, by v^'eight, free from the proteins and naturally-occurring 
organic molecules with w^hich it is naturally associated. Preferably, the polypeptide is an lAP 
polypeptide that is at least 7.5%, more preferably at least 90%, and most preferably at least 

20 99%, by weight, pure. A substantially pure 1 AP polypeptide may be obtained, for example, 
by extraction from a natural source {e.g. a fibroblast, neuronal cell, or lymphocyte) by 
expression of a recombinant nucleic acid encoding an lAP polypeptide, or by chemically 
synthesizing the protein. Purity can be measured by any appropriate method, e.g., by column 
chromatography, polyacrylamide gel electrophoresis, or HPLC analysis. 

25 A protein is substantially free of naturally associated components when it is separated 

from those contaminants which accompany it in its natural state. Thus, a protein which is 
chemically synthesized or produced in a cellular system different from the cell from which it 
naturally originates will be substantially free from its naturally associated components. 
Accordingly, substantially pure polypeptides include those derived from eukaryotic 

30 organisms but synthesized in E. coli or other prokaryotes. 
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By '^substantially pure DNA" is meant DNA that is free of the genes which, in the 
natural ly-occumng genome of the organism from which the DNA of the invention is derived, 
flank the gene. The term therefore includes, for example, a recombinant DNA which is 
incorporated into a vector; into an autonomously replicating pi asm id or virus; or into the 

5 genomic DNA of a prokaryote or eukaryoie; or which exists as a separate molecule {e.g., a 
cDN A or a genomic or cDNA fragment produced by PGR or restriction endonuclcasc 
digestion) independent of other sequences. Ii also includes a recombinant DNA which is part 
of a hybrid gene encoding additional polypeptide sequence. 

By ^^transformed cell'' is meant a cell into which (or into an ancestor of which) has 

It) been introduced, by means of recombinant DNA techniques, a DNA molecule encoding (as 
used herein) an lAP polypeptide. 

By '*transgene" is meant any piece of DNA which is inserted by artifice into a celL 
and becomes part of the genome of the organism which develops from that cell. Such a 
transgene may include a gene which is partly or entirely heterologous (i.e., foreign) to the 

1 5 transgenic organism, or may represent a gene homologous to <in endogenous gene of the 
organism. 

By ''transgenic" is meant any cell which includes a DNA sequence which is inserted 
by artifice into a cell and becomes pan of the genome of the organism which develops from 
that cell. As used herein^ the transgenic organisms are generally transgenic mammalian (e.g., 
20 rodents such as rats or mice) and the DNA (transgene) is inserted by artifice into the nuclear 
genome. 

By "transformation" is meant any method for introducing foreign molecules into a 
cell. Lipofection, calcium phosphate precipitation, retroviral delivery, electroporation, and 
biolistic transfomiation are just a few of the teachings which may be used. For example, 

25 biolistic transformation is a method for introducing foreign molecules into a cell using 
velocity driven microprojectiles such as tungsten or gold particles. Such veIocit>'-driven 
methods originate from pressure bursts which include, but arc not limited to, heliuAi-driven, 
air-driven, and gunpowder-driven techniques. Biolistic transformation may be applied to the 
transformation or transfection of a wide variety of cell types and intact tissues including, 

30 without limitation, intracellular organelles (e.g., and mitochondria and chloroplasts), bacteria, 
yeast, fungi, algae, animal tissue, and cultured cells. 
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By "positioned for expression" is meant thai the DNA molecule is positioned adjacent 
to a DNA sequence which directs transcription and translation of the sequence (i.e., facilitates 
the production of, e.g., an lAP polypeptide, a recombinant protein or a RKA molecule). 

By "reporter gene'' is meant a gene whose expression may be assayed; such genes 
5 include, without limitation, glucuronidase (GUSl, lucifcrase, chloramphenicol transacetylase 
(CAT), and p-galaclosidase. 

By "promoter" is meant minima! sequence sufficient to direct transcription. Also 
included in the invention are those promoter elements which are sufficient to render 
promoter-dependent gene expression controllable for cell type-specific, tissue-specific or 
1 0 inducible by external signals or agents; such elements may be located in the 5' or 3' regions of 
the native gene. 

By "operably linked" is meant that a gene and one or more regulatoi7 sequences are 
connected in such a way as lo pennit gene expression when the appropriate molecules [e.g., 
transcriptional activator proteins are hound to the regulator' sequences). 

1 5 By ''conserved region" is meant any stretch of six or more contiguous amino acids 

exhibiting at least 30%, preferably 50%, and most preferably 70% amino acid sequence 
identity between two or more of the lAP family members, (e.g., between human HIAP-1, 
HlAP-2, and XIAP). Examples of preferred conserved regions are shown (as boxed or 
designated sequences) in Figures 5-7 and Tables I and 2, and include, without limitation, 

20 BIR domains and ring zinc finger domains. 

By "detectabiy-iabelled" is meant any means for marking and identifying the 
presence of a molecule, e.g., an oligonucleotide probe or primer, a gene or fragment thereof, 
or a cDNA molecule. Methods for deicctably-labelling a molecule are well known in the art 
and include, without limitation, radioactive labelling (e.g., with an isotope such as ^^P or •'^S) 

25 and noiu-adioactive labelling (e.g.s chemiluminescent labelling, e.g., fluorescein labelling). 

By "amisense," as used herein in reference to nucleic acids, is meant a nucleic acid 
sequence, regardless of length, that is complementary' to a region on the coding strand of 
nucleic acid molecule (e.g., genomic DNA, cDNA, or mRNA) that encodes an lAP or a 
NAIP polypeptide. The region of the nucleic acid molecule encoding an lAP or a NAIF 

30 polypeptide that the antisense molecule is complementary' to may be a region within the 
coding region, a region upstream of the coding region, a region downstream of the coding 
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region, or a region within an inlron, where the nucleic acid molecule is genomic DNA. 
Preferably, the aniisense nucleic acid is capable of enhancing apoptosis when present in a cell 
which normally does not undergo sufficient apoptosis and/or is between 8 and 25 niicleotidcs 
in length. Preferably, the increase is at least 1 0%, relative to a control, more preferably 25%, 
5 and most preferably 1 - fold or more. It will be understood that aniisense nucleic acid 

molecules may have chemical modifications known in the art of antisense design to enhance 
aniisense compound efficiency. 

By "purified antibody'* is meant antibody which is at least 60%, by weight, free from 
proteins and naturally occurring organic molecules with which ii is naturally associated. 
10 Preferably, the preparation is at least 75%. more preferably 90%, and most preferably at least 
99%, by weight, antibody, e.g., an lAP specific antibody. A punficd antibody may be 
obtained, for example, by affinity chromatography using recombinantly-produced protein or 
conser\-ed motif peptides and standard techniques. 

By "specifically binds'' is meant an antibody that recognizes and binds a protein but 
1 5 that does not substantially recognize and bind other molecules in a sample, e.g., a biological 
sample, that naturally includes protein. 

Other features and advantages of the invention will be apparent from the following 
description of the preferred embodimenis thereof, and from the claims. 

Brief Description of the Drawings 
20 Fig. 1 is the human XIAP cDNA sequence (SEQ ID NO: 3) and the XIAP 

polypeptide sequence (SEQ ID NO: 4). 

Fig. 2 is the human HIAP-1 cDNA sequence (SEQ ID NO: 5) and the HIAP-l 
polypeptide sequence (SEQ ID NO: 6). 

Fig. 3 is the human HIAJ^-2.cDNA sequence (SEQ ID NO: 7) and the HIAP-2 
25 polypeptide sequence (SEQ ID NO: 8). 

Fig. 4 is the murine XIAJ' (also rcfcn-ed to as "Ml AP-3" or "nvXlAP") cDNA 
sequence (SEQ ID NO: 9) and encoded munne XIAP polypeptide sequence (SEQ ID NO: 
10). 
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Fig. 5 is the murine HIAP-1 (also referred to as "MIAP-T* or "m-HlAP-l") cDNA 
sequence (SEQ ID NO: 1 1 ) and the encoded murine HiAP- 1 polypeptide sequence (SEQ ID 
NO: 12). 

Fig. 6 is the murine HI AP-2 (also referred lo as "ML^-2"or "m-HIAP-2") cDNA 
5 sequence (SEQ ID NO: 13) and the encoded murine HlAP-2 polypeptide (SEQ ID NO: 14). 
Fig. 7 is a photograph of a Northern blot illustrating human H1AP-) and HiAP-2 
mRNA expression in human tissues. 

Fig. 8 is a photograph of a Northern blot illustrating human HlAP-2 mRNA 
expression in human tissues. 
10 Fig. 9 is a photograph of a Northern blot illustrating human XIAP mRNA expression 

in human tissues. 

Figs. lOA - lOD are graphs depicting suppression of apoptosis by XIAP, HIAP>L 
HIAP-2, BCL'2, SMN\ and 6-MYC. 

Fig. 11 is a photograph of an agarose gel containing cDNA fragments that were 
1 5 amplified, with HIAP 1 -specific primers, from RNA obtained from Raji, Ramos, EB-3, 
Burkitl's lymphoma cells, and Jiyoye cells, and cells from normal placenta. 

Fig. 12 is a photograph of a Western blot containing protein extracted from Jurkat and 
astrocytoma cells stained with an anti-XlAP antibody. The position and size of a series of 
marker proteins is indicated. 
20 Fig. 13 is a photograph of a Western blot containing protein extracted from Jurkat 

cells following treatment as described in Example XII. The blot was stained with a rabbit 
polyclonal anti-XIAP antibody. Lane 1 , negative control; lane 2, anli-Fas antibody; lane 3, 
anti-Fas antibody and cycloheximide; lane 4, TNF-a; lane 5, TNF-a and cycloheximide. 
Fig. 14 is a photograph of a Western blot containing protein extracted from HeLa 
25 cells following exposure to anti-Fas antibodies. The blot was stained with a rabbit polyclonal 
anti-XIAP antibody. Lane I, negative control; lane 2, cycloheximide; lane 3, anti-Fas 
antibody; lane 4, anti-Fas antibody and cycloheximide; lane 5, TNF-a; iane 6, TNF-a and 
cycloheximide. 

Figs. 15A and 1 5B are photographs of Western blots stained with rabbit polyclonal 
30 anti-XIAP antibody. Protein was extracted from HeLa cells (Fig. 1 5A) and Jurkat cells 
(Fig. 15B) immediately, 1, 2, 3, 5, 10, and 22 hours after exposure to anti-Fas antibody. 



wo 98/35693 



PCTAB98/00781 



- 16 - 

Figs. I6A and 16B are photographs of Western blots stained with an anti-CPP32 
antibody (Fig. 16A) or a rabbit poiyclonal anti-XIAP antibody (Fig. 16B). Protein was 
extracted from Jurkai cells immediately, 3 hours, or 7 hours after exposure to an anti-Fas 
antibody. In addition to total protein, cytoplasmic and nuclear extracts are shown. 
5 Fig. 1 7 is a photograph of a polyacrylamide gel following electrophoresis of the 

products of an in vitro XI AP cleavage assay. 

Figs. IS and 19 shows the increased level of HIAP-1 and HIAP-2 mRMA, 
respectively, in breast cancer cell lines having p53 mutations (lanes 5-7). The bottom portion 
of the figure shows the control. 
10 Fig. 20 shows the influence of Taxol on DNA fragmeniation in Cisplatin-sensitive 

(rieht) and resistant (left) human ovarian epithelial cancer cells. 

Fig. 21 shows the nifliiencc of Cisplatm on DNA fragmentation in sensitive (right) 
and resistant (left) human ovarian epithelial cancer cells. 

Fig. 22 shows the effects of Taxol on XLAP and HIAP-2 protein levels in Ci^splatm 
1 5 sensitive (right) and rcsisiani (left) human ovanan epithelial cancer cells. 

Figs. 23 A and 23B show ihc influence of Taxol and TGFp on HiAP-2 mRNA levels 
in Cisplaiin sensitive (right) and resistant (left) human epithelial cancer cells. 

Figs. 24 A and 243 show the effect of TGpp on XIAP protein expression (Fig. 24 A) 
and DNA fragmentation (Fig. 243) in Cisplaiin-scnsiiive (OV2008) and cisplatin-resistant 
20 (C13) cells. 

Fig- 25 is a series of bar graphs showing the effect of XIAP and HIAP-2 down- 
regulation on ovarian epithelial cancer cell viability and number. The top two panels show 
dead cells as a percentage of total cell population. The bottom two panels illustrate total cell 
number at the end of the infection period. D^ta represents the mean +/- SEM of four 

25 experiments. **p<0.01, ***p<0.001 (compared to vector control). 

Fig. 26A is a set of photographs showing the influence of XIAP down-regulation on 
whole cell morphology (phase contrast; black arrows indicate cell detachment) in OV2008 
cells after 60 hours of adenovims infection with vector only (left) or adenoviral antisense 
XIAP (right). M01=5 (IX; "a^' and Iv'); magnification 400X. 

30 Fig. 26B is a series of photographs ("a" through '*d") showing the influence of XIAP 

down-regulation on nuclear morphology (Hoechsi slainijig; white arrows show nuclear 
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fragmentation) in OV2008 cells after 60 hours of adenovirus infection with vector only (**a'* 
and "c") or adenoviral antisense XIAP ('V and "d"). M0I=5 (IX; "a" and *V) and,M01=lO 
(2X; "c" and "d''); magnification 400X. 

Fig. 26C is a bar graph showing the intluencc of XIAP down-regulation on the extent 
5 of apoptosis in OV2008 cells after 60 hours of no ircaimeni, adenovirus infection with vector 
only, or adenovirus infection with antisense XIAP. Data represents the mean SEM of 
three to four experiments. M0I=5 (IX) and MOI=I0 (2X); *p<0.05, **p<0.01 (compared to 
vector control). 

Fig. 26D is a representative Western blotting analysis showing effective XIAP 
10 antisense infection in OV2008 cells after 60 hours of no treatment, adenovirus infection with 
vector only, or adenovirus infection with antisense XIAP. Lanes are, from left to right: 
control, vector (IX), vector (2X), antisense XIAP (IX), and antisense XIAP (2X). M0I=5 
(lX)andN4OI=10(2X). 

Fig. 26E is a bar graph showing changes in XIAP protein content in OV2008 cells 
1 5 after 60 hours of no treatment, adenovirus infection with vector only, or adnovims infection 
with antisense XIAP, as analyzed densitometrically. using a Molecular Dynamic 
Phosphoimager. Data represents the mean -r/- SEM of three to four experiments. M0]=5 
(IX) and MOI==10(2X); *p<0.C)5, **p<0.01 (compared to vector control). 

Fig. 27 A is a series of photographs showing effects of cisplatin-induced apoptosis (at 
20 0 and 30 cisplaiin in a 24 hour culture) the nuclear morphology of cisplaiin-sensitive 
cells (OV2008; left two photographs) and cispiatin-resistant cells (CI3; right two 
photographs), using Hoechst staining, magnification 400X; anows show fragmented nuclei. 

Fig. 27B is a set of photographs showing agarose gel immobilized electrophoretically 
resolved apoptotic low molecular weight DNA fragmentation from cisplaiin treated OV2008 
25 and C 13 cells. 

Fig. 27C is a line graph showing a concentration-response study of apoptosfs in 
OV2008 and CI 3 cells following 24 hours of culture in 0. 10, 20, and 30 \iM cisplatin. Data 
represents the mean +/- SEM of three experiments. **p<0.01 (compared to control). 

Fig. 28A is a series of representative Western blotting analyses showing 
30 concentration-dependent inhibition of XIAP and HIAP-2 protein expression in cisplalin- 
sensitive (OV2008) and cisplaiin-resisiani (CI 3) ovarian epithelial cancer cells following 24 
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hour culture with 0, 10, 20. and 30 ^iM cisplatin. Equal amounts of solubilized proteins (20- 
60 fig/lane, depending on the individual experiment) were analyzed by Western blot using 
anti-human XIAP or anti-HIAP-2 antibodies. 

Fig. 28B is a panel of bar graphs showing the changes in XIAP (left two graphs) and 
5 HIAP-2 (right two graphs) protein content as analyzed densilometrically. using the Molecular 
Dynamics Phosphoimager. for cisplaiin-lrcaied (24 hours at indicated concentration) OV2008 
cells (upper two graphs) and CI 3 cells (lower two graphs). Data represents the mean +/- 
SEM of three experiments. *p<0.05, **p<0.01 (compared to control). 

Fig. 29 A is a series of representative Western blotting analyses showing 

10 concentration-dependent inhibition of XIAP and HlAP-2 protein expression in cisplatin- 
sensiiive (OV2008) and cisplatin-resistant (CI 3) ovarian epithelial cancer cells follov/ing 6, 
12, or 24 hours of culture with or without 30 jiM cisplatin. Equal amounts of solubilized 
proteins (20-60 fig/lane, depending on the individual experiment) were analyzed by Western 
blot using anti-human XIAP or anti-HlAP-2 antibodies. 

1 5 Fig. 29B is a panel of bar graphs showing the changes in XIAP (left two graphs) and 

HrAP-2 (right two graphs) protein content as analyzed densilometrically, using the Molecular 
Dynamics Phosphoimager, for OV2008 cells (while bars) and C13 cells (black bars) cultured 
with or without 30 jiM cisplatin for 6, 12, or 24 hours. Data represents the mean +/- SEM of 
three experiments. *p<0.05, **p<0.01 (compared to control). 

20 Fig. 30A is a series of representative Western blotting analyses showing 

concentration-dependent inhibition of XIAP and HIAP-2 protein expression in cisplatin- 
sensitive (A2780s) and cispiatin-resistant (A2780cp) ovarian epithelial cancer cells following 
hours of culture with or without 30 ^M cisplatin. Equal amounts of solubilized proteins (40- 
60 ^tg/lane, depending on the individual experiment) were analyzed by Western blot using 

25 anti-human XIAP or anii-HIAP-2 antibodies. 

Fig. 30B is a pane) of bar graphs showing the changes in XIAP (lop graph) and 
HIAP-2 (bottom gr^h) protein content as analyzed dcnsitometrically, using the Molecular 
Dynamics Phosphoimager. for A2780s cells (left) and A2780cp cells (right) cultured with 
(black bars) or without (white bars) 30 pM cisplatin foi 24 hours. Data represents the mean 

30 +/- SEM of three experiments. **p<0.01 (compared to control). 
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Fig. 31 A is set of photographs r^i"' through '*d'l showing the effects of XIAP 
overexpression on the apoptotic action of cisplatin (30^M) on nuclear morphology of 
cisplaiin-sensiiive OV2008 cells after 48 hours of infection of these cells with adenoviral 
sense XIAP cDNA or vector only (control). At a magnification of 400X. **a'\ vector (no 
5 cisplatin); sense XIAP (no cisplatin); "c", vector plus cisplatin-treatmcnt; **d'\ sense 
XIAP plus cisplatin treatment. 

Fig. 3 IB is a graph showing the percentage of total cell population undergoing 
apoptosis of 30 cisplatin-treaied OV2008 cells following 48 hours of infection of these 
cells with adenoviral sense XIAP cDNA or vector only (control). Data represent mean +/- 
10 SEM of three experiments. *p<0.05, ***p<0.001 (compared to vector control); "p^O.OK 
p<0.001 (compared to vector plus cispla,tin group). 

Fig. 31 C is a representative Western blotting analysis showing changes in XIAP 
protein content in OV2008 cells following infection with adenoviral sense XIAP cDNA or 
vector only (control) with or without treatment with 30 cisplatin. Lanes arc, from left to 
15 right: control, vector vector plus cisplatin, sense XIAP, and sense XIAP plus cisplatin. 

Fig. 31 D is a graph showing the changes in XIAP protein content in OV2008 cells 
following infection with adenoviral sense XI.AP cDNA or vector only (control) with or 
without treatment with 30 \iM cisplatin, as analyzed densitometrically, using the Molecular 
Dynamic Phosphoimager. Data represent mean +A SEM of three experiments. *p<0.05, 
20 '"p<0.001 (compared to vector control); ''p<0.01 , ***p<0.001 (compared to vector + cisplatin 
group). 

Figs. 32A-32D are a series of photographs showing the in situ detection of apoptosis 
(using TUNEL) and immunolocalization of PCNA, XIAP and HlAP-2 in human ovarian 
surface epithelial tumour tissue. Fig. 32A indicates the in situ TUNEL localization of 
25 apoptotic cells. Figs. 32B, 32C, and 32D represent immuno-reaclivales for PCNA, XIAP and 
HIAP-2. respectively. The regions of tumor shown in the circle and the rectangle in each of 
Figs. 32A-32D was TUNEL-positivc and TUNEL-negative. respectively. Magnification is 
400X. 



Detailed Description 
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Previously, we have provided a novel family of inhibitors of apoptosis, the lAPs, and 
an additional related anti-apoplotic protein, NAIF. Here \vc provide identification of cancer 
types in which dysregulation of the lAPs and NAIF is apparent. Our results are of paramount 
importance and provide diagnostics, prognostics, treatments, and drug screens aimed at the 
5 detection and effective treatment of cancer. 

Cancer Screening 

We initially studied lAP and NAIF expression levels in a variety of normal tissues 
and cancer cell lines using commercially available northern blois. Elevated XIAP, HlAP-1 
and HIAP-2 mlWA was noted in a surprising number of cancer lines of diverse lineage, 

10 including colorecta) cancer, lymphoma, leukemia, and melanoma cell hnes. In contrast, 
BCL-2 mRNA was elevated in only a single cell line. Although this result reinforced the 
importance of the lAPs and NAIF in cancer, the question remained as to whether the 
individual cancer cell lines on the blot were representative of the cancer type. As a result, wc 
screened panels of cancer cell lines of particular tumor type by northern blot and quantitative 

15 RT-PCR analysis in order to ascertain the frequency of lAP and NAIP dysregulation. The 
results are summarized as follows: 

Burkiit > Lymphoma. 

We studied both the frequency and consequences of lAP upregulation in Burkitt's 
lymphoma. Elevated levels of HIAP-l and HIAP-2 have been found in the vast majority of 
20 the Burkitt's cell lines examined- Furthermore, those Burkitl's lines expressing low levels of 
HlAP-1 are transcriptionally activated by Epstein-Barr virus (EBV) infection. 

Breast Adenocarcinoma. 

A key observation was made in this sun^ey, in which a correlation was observed 
between drug resistance, p53 status, and HIAP-l and HIAF-2 expression. Four of the cell 
25 lines possessed wild-type p53, while three possessed documented p53 mutations that 
correlated wnth resistance to the anti-cancer driig adriamycin. Significantly, the three lines 
which were relatively more drug resistant also displayed elevated HIAP- 1 and HIAP-2 
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niRNA levels. These results indicalc lhal one of the ways that p53 conirols apoptosis is 
through regulation of these genes. 

Ovarian Carcmoma. 

mRNA in situ analysis suggest a role for NAIP in the developmental biology of the 
5 ovary. Overcxpression of HIAP-2 and XI AP mRNA has also been documented in some 
ovarian cancer cell lines. 



Pancreatic Cancer. 

Approximately 25% of the pancreatic cancer ceil lines tested to date demonstrate 
HIAP- 1 and HIAP-2 mRNA elevation. . 



1 0 Summary of Cancer Panels. 

To date, a significant fraction o{' cancer cell lines of each type examined display 
elevated JAP levels. Increased NAIP levels are also implicated in cancer. Our results 
indicate that HIAP-1 and HIAP-2 tend to be the most frequently and dramatically 
upregulated. The apparent coordinate regulation of both genes was surprising given that the 

1 5 normal tissue distribution of these proteins is very different. Our observations are 

strengthened by the fact that HIAP-1 and HIAP-2 reside in tandem array on chromosome 
1 lq23, a site frequently rearranged in lymphomas and leukemias. 

Transcriptional regulation of the lAPs in cancer cell lines . 

Our experiments have established a correlation between p53 status and ti'anscriptional 

20 overcxpression of HIAP-1 and HIAP-2. This provides an important new way in which to 
enhance apoptosis, particularly in view of the fact that the mechanism by which p53 controls 
cell fate remains largely unknown. It has previously been documented that wild-type p53 
negatively down-regulates BCL-2, and positively upregulates the BCL-2 antagonist BAX. In 
some cancer cell types, mutation of p53 causes a two-fold effect; namely, the upregulation of 

25 BCL-2, and down regulation of BAX, both of which contribute to the anti-apoptolic 

phenoiype. While not wishing to bind ourselves to a particular theory, we believe that wild- 
type p53 also transcriptionally suppresses HIAP- 1 and HlAP-2. DNA damage that includes 
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the increase in wild-type levels p53 levels would therefore result in decreased HIAP-1 and 
HlAP-2 in normal cells, resulting in apoptosis. Mutations in the p53 gene would therefore 
result in a loss of transcriptional control of these lAP genes. As a result, p53 mutant cancer 
cells would display constitutively high levels of HIAP-1 and HIAP-2, rendering the cells 
5 resistant to anti-cancer therapies. The p53/HLAJ>-l and HIAP-2 correlations may be extended 
to the other cancer cell line panels. One may directly demonstrate p53 regulation of the lAPs 
using transfection assays and northern blol analysis. 

Accordingly, we predict that cancer cells having p53 mutations (p53*) will have 
increased LAP levels resulting in a poor response to chemotherapeuiics. Because lAP levels 
10 may be assessed more readily than the presence of a p52* mutation, our discovery also 
provides an important improvement in cancer diagnosis and prognosis (see below). 

Transgenic Mice 

We have constructed a number of lAP and N.AIP transgenic mouse expression 
vectors, including T>cell, B-cell, and neuronal specific promoter constructs. Founder mice 

1 5 have been identified and are viable, and, for most of these constructs, we have developed 
breeding colonies. These mice will hkely be prone to cancers of the tissue types in which the 
promoter is active. Thus the mice provide an excellent resource for testing the efficacy of 
anti-sense oligonucleotides and for screening for apoptosis-enhancing cancer therapeutics. 
Standard mouse drug screening models and gene delivery protocols may be employed to 

20 utilize the mice for this purpose. 

Diagnostic/Prognostic Reagents 

There is a relative lack of diagnostic and prognostic tests which clinical oncologists 
may utilize in determining the appropriate degree of intervention in the treatment of cancer. 
Mutation of the p53 gene remains one of the best prognostic indicators in cancer biology. 
25 However, the number of different mutations identified to date is great and the mutations are 
scattered throughout the gene. In addition, many mutations in p53 result in an inappropriate 
stabilization of the protein, which allows detection at the protein level rather than at the 
mRNA level. Mutations which alter the transactivation/'repression activities of the protein 
are not necessarily apparent at cither the mRNA or protein levels. On the other hand, if lAP 
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and NAIP expression levels correlate with p53 mutation they may provide more valuable 
prognostic information and assist in the determination of which patients require more 
aggressive treatment or which patients are. perhaps, not treatable with currently approved 
therapies. This latter class of patients may be identified as ideal candidates for clinical 

5 testing of new cancer therapeutics, particularly those which decrease lAP levels or act in a 
manner independent of the anti-apoptoiic pathway. 

Thus, the invention provides at least two assays for prognosis an diagnosis. Semi- 
quantitative RT-PCR based assays may be used to assay for 1 AP and/or NAIP gene or protein 
expression levels. Alternatively, monoclonal antibodies may be incorporated into an ELISA 

10 (enzyme-linked immunosorbent assay) -type assay for direct determination of protein levels. 

Thera peutic Products 

For lAP or N'AlP-rclaled therapies, one may employ the paradigms utilized for BCL- 
2 and RAS antisense development, although, in contrast to RAS anlisense, accommodation of 
mutations is not required. Most useful are antisense constructs which ejihance apoptosis at 
1 5 least 1 0%, preferably by enliancing degradation of the RN A in the nucleus. 

In addition to the antisense approaches described herein, the invention features small 
molecule screening assays which may be used to identify lead compounds that negatively 
regulate the lAPs or NAIP. For example, compounds which enhance apoptosis in the 
presence of lAP overcxpression or which decrease the level of lAP biological activity may be 
20 delected and are useful cancer therapeutics. 

Molecules that are found, by the methods described herein, to effectively modulate 
lAP gene expression or polypeptide activity may be tested further in standard animal cancer 
models. If they continue to function successfully in an in vivo setting, they may be used as 
therapeutics to either inhibit or enhance apoptosis, as appropriate. 

25 Manipulation of cancer cheniotherapeutic di-ug resistance using an anlisense 

oligonucleotide and fragmeni approaches. 

We have documented that overcxpression of the lAPs renders cell lines resistant to 
serum growth factor withdrawal, tumor necrosis factor alpha (TNF) and menadione exposure, 
all of which are treatments that normally induce apoptosis. Herein we describe the extension 
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of these suidies lo cancer ceil lines using apoploiic iriggcrs used in clinical situations, such as 
doxorubicin, adriamycin, and melhou-exaie. Our findings have led up to design antisense 
RNA therapeutics. Rapid screening of multiple cell lines for apoptotic response has been 
made feasible tlirough the generation of a series of sense and antisense adenoviral lAP and 

5 NAIP expression vectors, as well as controllacZ viruses. One may now show enhanced 
drug resistance or enJianccd drug sensitivity using these expression constructs. In addition, 
antisense adenovirus constructs have been developed and used to lest reversal of the drug 
resistant phcnoiypc of appropriate cell lines. 

We have surveyed cancer cell lines with the objeclive of identifying tumor types in 

10 which lAP or NAIP ovcrexpression is appareni or altered and these results are described both 
above and in the Examples below. Conconiiiani to this research, we have. designed a series 
of antisense oligonucleotides lo various regions of each of the lAPs. After testing in an 
assay system, i.e.. with the adenoviral vectors system, these oligonucleotides, as v^'ell as 
antisense oligonucleotides to various regions of NAIP, may be used to euliance drug 

1 5 sensitivity. Animal modeling of the effectiveness of antisense lAP and NAIP 

oligonucleotides may also be employed as a step in testing and appropriate transgenic 
mammals for this are described above and also generally available in the art. 

The following describes some of the testing systems which may be employed. 

Anti-Cancer Gene Therapy 

20 Retroviral vectors, adenoviral vectors, adeno-associaied viral vectors, or other viral 

vectors with the appropriate tropism for cells requiring enhanced apopiosis (for example, 
breast cancer and ovarian cancer cells) may be used as an oligonucleotide transfer delivery 
system for a therapeutic consirucis. 

Alternatively, standard non-viral delivery methods may be used. Numerous vectors 

25 useful for viral delivery are generally known (Miller, A.D., Human Gene Therapy 1 : 5-14, 
1990; Friedman, T., Science 244: 1275-1281, 1989; Eglilis and Anderson, BioTcchniques 6: 
608-614, 1988; Tolstoshev and Anderson, Curr. Opin. Biotech. 1: 55-61, 1990; Cometta et 
al. Prog. Nucl. Acid Res. and Mol. Biol. 36: 311-322, 1987; Anderson, W. F., Science 226: 
401-409, 1984; Moen, R. C, Blood Cells 17: 407-416, 1991 ; Miller er ^zA, BioTechniques 7: 
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980-990, 1989; Le Gal La Salle ei Science 259: 988-990, 1993; and Johnson, Chest 107: 
77S-83S, 1995). 

Retroviral vectors are particularly well developed and have been used in clinical 
settings (Rosenberg ei ai. New Engl. .1. Med. 323: 570-578. 1990; Anderson et al, U.S. 
5 Patent No. 5,399,346). 

Non-viral approaches may also be employed for the introduction of therapeutic 
nucleic acid molecules (e.g., oligonucieolides) into cells otherwise predicted to undergo 
apoptosis. For example, lAP may be introduced into a neuron or a T cell by lipofection 
(Feigner al. Free. Natl. Acad. Sci. USA 84: 7413-7417, 19S7; Ono et ciL. Neurosci. Lett. 

10 117: 259-263, 1990; Brigham et a/.. Am. J. Med. Sci. 298: 27S-28K 1989; Staubmger et ai, 
Meih. Enz. 101: 512-527. 1983), asialorosonucoid-polylysinc conjugation (Wu et al, J. Biol. 
Chem. 263: 14621-14624, 1988; Wu eial.J. Biol. Chcm. 264: 16985-16987, 1989); direct 
deliver in saline: or, less preferably, microinjection under surgical conditions (Wolff <»/ ai. 
Science 247: 1465-1468, 1990). 

15 For any of the methods of application described above, the therapeutic nucleic acid 

construct is preferably applied to the site of the needed apoptosis event (for example, by 
injection). However, it may also be applied to tissue in the vicinity of the predicted apoptosis 
event, to a blood vessel supplying the cells predicted to require enhanced apoptosis, or orally. 
In the constructs described, nucleic acid expression can be directed from any suitable 

20 promoter {e.g., the human cytomegalovirus (CMV), simian virus 40 (SV40), or 
metallothionein promoters), and regulated by any appropriate mammalian regulatory 
clement. For example, if desired, enhancers known to preferentially direct gene expression in 
ovarian cells, breast tissue, neural cells, T cells, or B cells may be used lo direct expression. 
The enliancers used could include, without limitation, those that are characterized as tissue- 

25 or cell-specific in their expression. Alternatively, if a clone used as a therapeutic construct, 
regulation may be mediated by the cognate regulatory sequences or, if desired, by regulatory- 
sequences derived from a heterologous source, including any of the promoters or regulator^' 
elements described above. 

Anti-cancer therapy is also accomplished by direct administration of the therapeutic 

30 sense lAP nucleic acid or antisensc lAP nucleic acid {e.g., oligonucleotides) to a cell that is 
expected to require enhanced apoptosis. The nucleic acid molecule may be produced and 
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isolated by any standard tecluiiquc, bul is mosi readily produced by //; vitro transcription 
using an lAP related nucleic acid under ihc conu'ol ofa high efficiency promoter {e.g., the 
T7 promoter), or, by organic synthesis techniques (for, e.g., oligonucleotides). 
Administration of lAP antisensc nucleic acid to malignant cells can be carried out by any of 
5 the methods for direct nucleic acid administration described above, or any method otheru'ise 
known in the art. 

Another therapeutic approach wiiliin the invention involves administration of 
recombinant lA? protein fragments or I A? antibodies, either directly to the site where 
enhanced apoptosis is desirable (for example, by injection) or sysiemically (for example, by 
1 0 any conventional recombinant protein administration technique). 

The dosage ofa NAIP or an lAP protein, a polypeptide fragment thereof, a mutant 
thereof, or antibodies that specifically bind NAIP or an lAP polypeptide depends on a 
number of factors, including the size and health of the individual patient, but, generally, 
between 0.1 mg and 500 mg inclusive are administered per day to an adult in any 
15 phamiaceuticaily acceptable formulation. 



Administration of lAP and N AIP Polypeptides. Niicleic Acids, and Inhihitors of lAP or 
NAIP Synthesis or Function 

An lAP or NAIP mutant protein or protein fragment, a nucleic acid molecule 

encoding the same, a nucleic acid molecule encoding an lAP or NAIP antisense nucleic acid, 

20 or a inhibitor of an lAPs or NAIP may be administered within a pharmaceutically-acceptable 
diluent, carrier, or excipient, in unit dosage form. Conventional pharmaceutical practice may 
be employed to provide suitable fomiulations or compositions to administer the compounds 
to patients suffering from a disease that is caused by excessive cell proliferation. 
Administration may begin before the patient is symptomatic. 

25 Any appropriate route of administration may be employed, for example, 

administration may be parenteral, intravenous, intraarterial, subcutaneous, intramuscular, 
intracranial, intraorbital, ophthalmic, intraventricular, intrathecal, intracapsular, intracistemal, 
intraperitoneal, intranasal, aerosol, suppository, or oral administration. For example, 
therapeutic formulations may be in the form of liquid solutions or suspensions; for oral 
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administration, formulations may be in the form of tablets or capsules; and for intranasal 
formulations, in the form of powders, nasal drops, or aerosols. 

Methods well known in the art for making formulations are found, for example, in 
Remington's Pharmaceutical Sciences . (IS'** edition), ed. A. Gennaro, 1990, N4ack Publishing 

5 Company, Easton, PA. Formulations for parenteral administration may, for example, contain 
excipients, sterile water, or saline, polyalkylene glycols such as polyethylene glycol, oils of 
vegetable origin, or hydrogenated napthalencs. Biocompatible, biodegradable lactide 
polymer, lactide/giycolide copolymer, or polyoxyethylene-poiyoxypropylene copolymers 
may be used to comrol the release of the compounds. Other potentially useful parenteral 

10 delivery systems for lAP or NAIP modulatory compounds include ethylene-vinyl acetate 
copolymer particles, osmotic pumps, implantable infusion systems, and liposomes. 
Formulations for inlialalion may contain excipients, for example, lactose, or may be aqueous 
solutions containing, for example, polyoxyelhylene-9-laui7i ether, glycocholalc and 
deoxycholaie. or may be oily solutions for administration in the form of nasal drops, or as a 

15 gel. 

If desired, treatment with an lAP or NAIP mutant proteins or lAP or NAIP fragments, 
related genes, or other modulatory compounds may be combined with more traditional 
therapies for the proliferative disease such as surger>' or chemotherapy. 

Detection of Conditions Involving Insufficient Apoptosis 

20 LAP and NAIP polypeptides and nucleic acid sequences fmd diagnostic use in the 

detection or monitoring of conditions involving insufficient levels of apoptosis, /.e., 
proliferative disease- For example, increased expression of JAPs or NAIP, alterations in 
localization, and lAP or NAIP cleavage correlate with inhibition of apoptosis and cancer in 
humans. Accordingly, an increase in the level of lAP or NAIP production may provide an 

25 indication of a proliferative condition or a predisposition to such a condition. Levels of lAP 
or NAIP expression may be assayed by any standard technique. For example, lAP or NAIP 
expression in a biological sample (e.g., a biopsy sample) may be monitored by standard 
Northern blot analysis or may be aided by PCR (see, e.g., Ausubel ei al.. Current Protocols in- 
Molecular Biglogy, John Wiley & Sons, New York, 1994; PCR Technology: Principles and 
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A pplicalions for DNA Amplification . H.A. Ehrlich, Ed., Stockton Press, NY: Yap et aL, 
Nucl. Acids. Res. 19: 4294, 1991). 

Alternatively, a biological sample obtained from a paiienl may be analyzed for one or 
more mutations in the lAP or NAIP sequences or p53 sequences using a mismatch detection 

5 approach. Generally, these techniques involve PCR amplification of nucleic acid from the 
patient sample, followed by identitlcaiion of (he mutation (f.c.^ mismatch) by cither altered 
hybridization, aberrant electrophoretic gel migration, binding or cleavage mediated by 
mismatch binding proteins, or direct nucleic acid sequencing. Any of these techniques may 
be used to facilitate mutant LAP or NAIP detection, and each is well known in the art; 

1 0 examples of panicular techniques are described, without limitation, in Orita et ai, Proc. Natl. 
Acad. Sci. USA 86: 2766-2770. 1989: Sheftlekl ei al., Proc. Natl. Acad. Sci. USA 86: 232- 
236, 1989). 

In yet another approach, immunoassays are used to detect or monitor lAP or NAIP 
protein in a biological sample. lAP or NAIP-specific polyclonal or monoclonal antibodies 

1 5 (produced as described above) may be used in any standard immunoassay format {e.g., 
ELISA, Western blot, or RIA) to measure lAP or NAIP polypeptide levels from cancerous 
control cells. These levels would be compared to wild-type lAP or NAIP levels, with a 
decrease in I AP production relative to a wild-type cell indicating a condition involving 
increased apoptosis and a decrease relative to a known cancer cell indicating a decreased 

20 likelihood of an lAP or NAlP-related cancer. Examples of immunoassays are described, e.g., 
in Ausubel el al, supra. Immunohistochemical techniques may also be utilized for lAP or 
NAIP detection. For example, a tissue sample may be obtained from a patient, sectioned, and 
stained for the presence of lAP or NAIP using an anti-IAP or anti-NAIP antiboies and any 
standard detection system {e.g., one which includes a secondary antibody conjugated to 

25 horseradish peroxidase). General guidance regarding such techniques can be found in, e.g., 
Bancroft and Stevens (Theory and Practice of Histological Technigues , Churchill 
Livingstone, 1982) and Ausubel et ai (supra). 

In one preferred example, a combined diagnostic method may be employed that 
begins with an evaluation of lAl^ or NAIP protein production (for example, by 

30 immunological techniques or the protein truncation test (Hogerrorst el al. Nature Genetics 
10:208-212, 1995)) and also includes a nucleic acid-based detection technique designed to 
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identify more subtle lAP or NAIP alterations, e.g., mutations. As described above, a number 
of mismatch detection assays are available to those skilled in the art, and any preferred 
technique may be used. Mutations in lAP or NAIP may be detected that either result in 
enhanced lAP or NAIP expression or alterations in lAP or NAIP biological activity, in a 
5 variation of this combined diagnostic method, lAP or NAIP biological activity is measured as 
anli-apoptotic activity using any appropriate apoptosis assay system (for example, those 
described above). 

Mismatch detection assays also provide an opportunity to diagnose an lAP-mediated 
or an NAIP-mediated predisposition to diseases caused by insufficient apoptosis. For 

10 example, a patient heterozygous for an lAP or a NAIP mutation may show no clinical 

symptoms and yet possess a higher than normal probability of developing one or more types 
of proliferative diseases. Given this diagnosis, a patient may lake precautions to minimize 
ihcir exposure to adverse environmental factors (for example, UV exposure or chemical 
mutagens) and to carefully monitor their medical condition (for example, through frequent 

1 5 physical examinations). This type of lAP or NAIP diagnostic approach may also be used to 
detect lAP or NAIP mutations in prenatal screens. The LAP or NAIP diagnostic assays 
described above may be carried out using any biological sample (for example, any biopsy 
sample or bodily fluid or tissue) in which LAP or NAIP is normally expressed. Identification 
of a mutant lAP or NAIP gene may also be assayed using these sources for lesi samples. 

20 Alternatively, an alteration in lAP or NAIP activity, particularly as part of a diagnosis 

for predisposition to I AP -associated or NAIP-associated proliferative disease, may be tested 
using a nucleic acid sample from any cell, for example, by mismatch detection techniques. 
Preferably, the DNA sample is subjected to PGR amplification prior to analysis. 
The following examples are meant to illustrate, not limit, the invention. 

25 EXAMPLE 1: ELEVATED lAP LEVELS IN CANCER CELL LINES 

In order to specifically demonstrate the utility of lAP gene sequences as diagnostics 
and prognostics for cancer, a Human Cancer Cell Line Multiple Tissue Northern Blot 
(Clontech, Palo Alto, CA; #7757-1 ) was probed. This Northeni blot contained approximately 
2 Jig of poly A" RNA per lane from eight different human cell lines: (1) promyelocytic 

30 leukemia HL-60, (2) HeLa cell S3, (3) chronic myelogenous leukemia K-562, (4) 
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lymphoblastic leukemia MOLT-4, (5) Burkiii's lymphoma Raji. (6) colorectal 
adenocarcinoma SW480, (7) lung carcinoma A549, and (S) melanoma G361. As a control, a 
Human Multiple Tissue Northern Blot (Clontech, Palo Alto, CA; #7759-1) was probed. This 
Northern blot contained approximately 2 fig of poly A ' RNA from eight different human 
5 tissues: (1) spleen, (2) thymus, (3) prostate, (4) testis, (5) ovar>', (6) small intestine, (7) 
colon, and (8) peripheral blood leukocytes. 

The Northern blots were hybridized sequentially with: ( 1 ) a 1 .6 kb probe to the XIAP 
coding region, (2) a 375 bp HIAP-2 specific probe corresponding to the 3' imtranslated 
region, (3) a 1 .3 kb probe to the coding region of HlAP-1, which cross-reacts with HIAP-2, 

10 (4) a 1.0 kb probe den ved from the coding region of BCL-2, and (5) a probe to P-actin, 
which was provided by the manufacturer. Hybridization was carried out at 50°C overnight, 
according to the manufacturer's suggestion. The blot wiis washed twice with 2X SSC, 0.1% 
SDS at room temperature for 15 minutes and then with 2X SSC, 0.1% SDS at 50°C. 

All cancer lines tested showed increased lAP expression relative to samples from 

1 5 non-cancerous control tissues (Table 1 ). Expression of XIAP was particularly high in HeLa 
(S-3), chronic myelogenous leukemia (K-562), colorectal adenocarcinoma (SW-480), and 
melanoma (G-361 ) lines. Expression of HlAP-1 was extremely high in Burkitt's lymphoma, 
and was also elevated in colorectal adenocarcinoma. Expression of HIAP-2 was particularly 
high in chronic myelogenous leukemia (K-562) and colorectal adenocarcinoma (SW-480). 

20 Expression of BCL-2 was upregulated only in HL-60 leukemia cells. 



TABLE 1 
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NORTHERN BLOT lAP RNA LEVELS IN CANCER CELLS* 





XIAP 


HIAP-1 


HIAP- 2 


Promyelocytic Leukemia HL-60 


+ 




+ 


HeIaS-3 








Chronic Myelogenous Leukemia K-562 






4-++ 


Lymphoblastic Leukemia MOLT-4 






+ 


Burkitfs Lymphoma Raji 




+(xlO) 


+ 


Colorectal Adenocarcinoma SW-480 


+++ 


+++ 


+++ 


Lung Carcinoma A-549 








Melanoma G-361 






+ 



10 *Levels are indicated by a (-5-) and are the approximate increase in RNA levels relative to 



Northem blots of RNA from non-cancerous control cell lines. A single plus indicates an 
estimated increase of at least 1-fold 

These observations indicate that upregulation of the anti-apoptotic I A? genes may be 
a widespread phenomenon in proliferative diseases, perhaps occurring much more frequently 

1 5 than upregulation of BCL-2. Furthemiore, upregulation may be necessary for the 
establishment or maintenance of the transformed state of cancerous cells. 

In order to pursue the obser\'ation described above, i.e., that HIAP-I is overexpressed 
in the Raji Burkitt's lymphoma cell line, RT-PCR analysis was performed in multiple 
Burkitl's lymphoma cell lines. Total RNA was extracted from cells of the Raji, Ramos, EB- 

20 3, and Jiyoye cell lines, and as a positive control, from normal placental tissue. The RNA 
was reverse transcribed, and amplified by PCR vvith the following set of oligonucleotide 
primers: 

5'-AGTGCGGGTTTTTATTATGTG-3' (SEQ ID NO: 15) and 
5'-AGATGACCACAAGGAATAAACACTA-3' (SEQ ID NO: 16), which selectively 
25 amplify a hiap-1 cDNA fragment. RT-PCR was conducted using a Perkm Elmer 480 

Thermocycler to cairy out 35 cycles of the following program: 94°C for 1 minute, 50°C for 
1,5 minutes, and 72 °C for I minute. The PCR reaction product was electrophoresed on an 
agarose gel and stained with ethidium bromide. Amplified cDNA fragments of the 
appropriate size were clearly visible in all lanes containing Burkitt's lymphoma samples, but 
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absent in the lanes containing the normal placental tissue sample, and absent in lanes 
containing negative control samples, where template DNA was omitted from the reaction 
(Fig, 11). 

FXAMPLE 2: lAPs IN BREAST CANCER 

5 The following data relate to the regulation and role of HlAPs in cancer cells. Figs. 18 

and 19 show data demonstrating that HIAP-l and HIAP-2 are both upregulated in breast 
cancer cell lines that contain mutant p53. The lanes contain 20 jig of total RNA from the 
following lines: I . MCF-7 (clone I, wt p53); 2. MCF-7 (clone 2, wt p53); 3. MCF-7 
(American Type Culture Collection, wt p53); 4. MCF-7 (parental line, California, wt p53); 5. 

10 MCF'7 (California, adriamycin resistant yariani, mutant p53); 6. MDA MB 231 (ATCC, 
mutant p53, codori 280); 7. T47-D (ATCC, mutant p53, codon 194); 8. ZR-15 (ATCC, wt 
p53). The amouni of RNA loaded on each gel was controlled for by hybridization with 
glycerol phosphate dehydrogenase (GAPDH). 

EXAMPLE 3: lAPS IN OVARIAN CANCER 
1 5 Ovennew. 

Epithelial ovarian cancer is the leading cause of death from gynecologic malignancy. 
Although clinical and histologic prognostic factors such as tumor grade and surgical stage are 
well understood, the biologic process that leads to uncontrolled cellular growth is less clear. 
The control of cell numbers during tisstie growth is thought to be the results of a balance of 

20 cell proliferation and cell death. An aberration in this natural homeostasis likely contributes 
to malignant cellular transformation. 

Recent studies on ovarian cancer cell biology have suggested that the deregulation of 
apopiosis may be one of the underfying pathologic mechanism in this disease. However^ the 
molecular mechanisms involved in its regulation is poorly understood and the role and 

25 regulation of the lAP genes in ovarian cell transfonnation have not been examined 

previously- Ovarian epithelial cancer is in part a result of suppressed apopiosis of ovarian 
surface epithelial cells. The effectiveness of certain cheniolherapeutic agents rests on their 
ability to induce cell death. The loss of responsiveness of the cells to these agents is due to a 
desensitization of the apoptolic process to these agents. The regulation of ovarian epithelial 
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cell apopiosis involves changes in Ihc expression oflAP genes and posMranslational 
modification/processing of the lAP gene products. 

Wc have conducted experiments and now beheve that lAPs play a key role in 
maintaining the normal growth of ovarian surface epithelial cells and that the overexpression 

5 of these genes leads to cellular transformation. Furthermore, we have discovered that the 
effectiveness of cheraotherapeutic agents in the treatment of this forni of malignancy rests 
upon their ability to suppress the expression of the lAP genes. By seeking to control the 
regulation of the lAP genes in human ovarian epithelial cancer cells we have provided a 
rational approach for the development of new chemotherapeutics for patients both responsive 

1 0 and resistant to current cancer drugs. Similarly, assays designed to detect compounds which 
decrease lAP biological activity provide a rational method for drug discovery. 

Methods. 

a) Human Ovarian Epithelial Cancer Cell Culture 

Cisplaiin-sensitive (OV2008) and cisplatin-resisiant (C13) human ovarian epithelial 
15 cells were cultured in a chemically-defmed medium at 37*C for up to 48 hours in the 

presence or absence of TGPP (20 ng/ml), taxol (0 - 1 .0 pM) or cisplatin (0 - 30 pM). At the 
end of the culture period, cells were either fixed for immunocytochemistry and TUNEL 
analyses, or snap frozen for subsequent extraction for lAP mRNA and proteins analyses. 

b) Identification of Cell Death 

20 For nuclear staining, human ovarian epithelial cancer cells were fixed (4% formalin in 

PBS; 10 min., room temp.), washed in PBS, resuspended in Hoescht 33248 stain (0.1 pg/ml 
PBS, 10 min) washed again and spotted onto slides for microscopy. Nuclear staining was 
obser\'ed and photographed using a Zeiss fluorescent microscope equipped with an FITC 
filter. Apoptotic cells were identified by typical nuclear morphology, and counted using 

25 randomly selected fields and numbered photographic slides to avoid bias during counting. 

For quantitation of DNA ladders, cellular DNA was extracted using the Qiagen Blood 
kit (Qiagen Inc., Chatsworth, CA). DNA was quantified by ethidium bromide fluorescence. " 
DNA (O.Spg) was then end labelled by incubating (20 min., room temp.) with Klenow 
enzyme (2 U in 10 mM Tris plus 5 mM MgCU) and 0.1 iJiCi [a^PJdCTP. Unincorporated 
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nucleotides were removed with the Qiagen nucleotide removal kit and samples were resolved 
by Tris-acetate-EDTA agarose (1.8%) gel eleclrophoresis. The gel was then dried (2 hours, 
no heat) and exposed to a Bio-Rad phosphoimager screen to densilomeiricaUy quantify low 
molecular weight DNA (<15 kilo base-pairs), and subsequently to X-ray film at -80**C. 
5 For in situ TUNEL labelling of apoptotic cells to identify cell death, the in situ cell 

death detection kit (Boehringer-Mannlieim, Indianapolis, IN) was used, according to 
manufacturer's instaictions. Slides prepared for histology were treated (20 min. at 37**C) 
with terminal transferase in the presence of FITC-conjugated dUTP. 

c) Western Blot Analyses for lAPs 

10 Protein extracts were prepared from human surface epithelial cancer cells soYiicated (8 

sec/cycle, 3 cycles) on ice in sucrose buffer (0.25 M sucrose, 0.025 M NaCl, 1 mM EGTA 
and 15 mM Tris-HCl pH 6.8, supplemented with I mM PMSF, 2 ).ig/ml of leupeptin and 5 
|ig/ml of aproiinin. The sonicates were cenirifuged at 1 3,000xg for 10 min., the supematants 
were collected and stored at -20''C until electrophoreiic analyses were performed. Protein 

1 5 concentration was determined by Bio-Rad Protein Assay. Proteins (10-30 ^g) were resolved 
by one-dimensional SDS-PAGE, and electrophoretically transferred to nitrocellulose 
membrane. Membranes were blocked with 5% non-fat milk, and subsequently incubated 
with rabbit polyclonal antibody for lAP [anti-human H1AP-2AE (960529; 1:1000 dilution), 
anti-human NAIP El.O (951015; 1:1000 dilution) or anti-human XIAP (1:1000 dilution)] 

20 diluted in TEST ( 10 mM Tris-buffered saline, 0.1% Tween-20, pH7.5) containing 5% milk. 
An ECL kit was used to visualize immunopositivc protein (Amersham Intl., Arlington 
Heights, IL). 

d) Northern Blots for lAP mRNAs 

Total RNA from ovarian surface epithelial cancer cells by using RNeasy Kit 
25 (Qiagen). The RNA samples (10-15 |.ig) were quantified spectrophotometrically and size- 
fractioned by electrophoresis on formaldehyde-agarose gels (1.1%) containing 1 ng/ml 
ethidium bromide to confirm even loading of RNA samples and adequate separation of 28S 
and 1 8S ribosomal bands. The RNAs bands were blotted onto a nylon membrane and cross- 
linked by lA' light. Membranes were prehybridized in 50% formamide, saline sodium citrate 
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(SSC; 750 mM NaCl, 75 mM sodium citrate), 1 X Denhardl^s solution, 1% SDS, 4 mM 
EDTA and 100 ^ig/mi sheared salmon spemi DNA for 4 hours at 42^C. Hybridization was 
perfonned overnight at 42 with 20 million cpm of "P- label led lAP cDNA probes (rat 
NAIP, rat XJAP or human HlAP-2) added to the prehybridizaiion buffer. The membranes 
5 were then washed twice with SSC (300 mM NaCl, 30 mM sodium citrate) in 0.1% SDS for 
20 min at room temperature and twice with SSC (30 mM NaCl, 3 mM sodium citrate) in 

0. 1. SDS for 20 min at SS'^C and exposed to X-ray film at -SO'^C for visualization. 
Densitometric analysis of various lAPs and 28S rRNA band was performed with the Image 
Analysis Systems from Bio-Rad Laboratories. Data were normalized by the respective 28S 

1 0 and expressed as a percentage of the control (defined as 100%). 

Results 

We obser\'ed the following. 

1. Cisplaiin induced a concentration-dependent increase in the incidence of apoplosis in 
cisplaiin-scnsitive (OV2008) but to a lesser extent in -resistant (CI 3) human ovarian 

1 5 epithelial cells in vitro (Fig. 20). Similarly, Taxol also induced apoptosis in OV2008 cells, 
but to a lesser extent in the CI 3 cells (Fig. 21). 

2. Basal XIAP and HIAP-2 protein contents were markedly higher in cisplatin-sensitive than 
•resistant cells. Taxol (0.04-1.0 ^iM) decreased XIAP and HIAP-2 protein levels in a 
concentration-dependent manner, the response being more pronounced in sensitive than 

20 resistant cells (Fig. 22). A lower molecular weight (approx. 45 kDa) inimunoreactive 

fragment of HlAP-2 was also evident in both the sensitive and resistant cells. The content of 
this fragment was increased in the CI 3 cells but decreased in OV2008 cells by Taxol (Fig. 
22). 



3. Whereas Taxol (0.2 ^M) marked suppressed HIAP-2 mRNA abundance in cisplatin- 
25 sensitive cells (approx. 80%), it was ineffective in the resistant cells (Fig. 23). 

4. TGFP (20ng/ml) induced apoptosis in OV2008 but not in CI 3. Although its influence on 
XIAP protein content in cisplaiin-resistant cells was only marginal, it markedly suppressed 
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the protein level of this lAP in the cisplatin-sensiiive ceils (Fig. 24A, 24B). TGPp (20 ng/ml) 
also decreased HIAP-2 mRNA in OV200S bm not CI 3 cells (Fig. 23). 



Significant observations and possible applications. 

Induction of apoptosis in human ovarian epithelial cancer cell by Taxol was 

5 accompanied by suppressed lAP gene expression. Eventual loss of sensitivity of the cells to 
the chemotherapcutic agent may be associated with the decreased ability of the cell to express 
LAP genes. In drug-resistant cells, the decreased HIAP-2 protein content (in the face of an 
absence of noticeable change in HlAP-2 mRNA abundance) in the presence of Taxol was 
accompanied an increase in the intensity of a 45 kDa immunoreactive HIAP-2 protein band. 

1 0 These obserx^ations lead us to believe 4hai the 45 kJDa protein is a proteolytic product of 
HlAP-2 and plays a role in the development of drug resistance. In addition, the sensitivity of 
the lAP family in these ovarian cancer cells lo Taxol suggest possible novel sites for gene 
targeting in the development of new chemotherapcutic agents for the treatment of human 
ovarian epithelial ceil cancer. 



15 EXAMPLE 4: Accumulation of n 26 kPa Cleavage Protein in Astrocytoma Cells 

Identification of a 26 kDa Cleavage Protein 

A total protein extract was prepared from Jurkat and astrocytoma cells by sonicating 
them fX3 for 15 seconds at 4^0 in 50 mM Tris-HCl (pH 8.0), 150 mM NaCK 1 mM PMSF, 
1 fig/ml aprotinin, and 5 niM bcnzamidinc. Following sonication, the samples were 

20 centrifuged (1 4,000 RPM in a micro centrifuge) for five minutes. 20 /ig of protein was 
loaded per well on a 10% SDS-polyacrylamide gel, elcctrophoresed, and electroblotted by 
standard methods to PVDF membranes. Western blot analysis, performed as described 
previously, revealed that the astrocytoma cell line (CCF-STTGl) abundantly expressed an 
anti-xiap reactive band of approximately 26 kDa, despite the lack of an apoptotic trigger 

25 event (Fig. 12). In fact, this cell line has been previously characterized as being particularly 
resistant to standard apoptotic triggers. 

A 26 kDa XIAP-reactive band was also observed under the following cxperimcnlah 
conditions. Jurkat cells (a transformed human T cell line) were induced to undergo apoptosis 
by exposure to an anti-Fas antibody ( 1 Mg/ml). Identical cultures of Jurkat cells were 



• 
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exposed cither to: ( i ) anti-Fas antibody and cycloheximide (20 ^g/ml), (2) tumor necrosis 
factor alpha (TNF-a, at 1 ,000 U/ml), or (3) TNF-a and cycloheximide (20 \ipmi). All cells 
were harvested 6 hours after treatment began. In addition, as a negative control, anti-Fas 
antibody was added to an extract after the cells were harvested. The cells were harvested in 

5 SDS sample buffer, electrophoresed on a 12.5% SDS polyacrylamide gel, and electroblotled 
onto PVDF membranes using standard methods. The membranes were immunostained with 
a rabbit polyclonal anti-XIAP antibody at 1:1000 for 1 hour at room temperature. Following 
four 15 minute washes, a goat anti-rabbit antibody conjugated to horse-radish peroxidase was 
applied at room temperature for ) hour. Unbound secondaiy antibody was washed away, and 

10 chemi luminescent detection of XIAP protein was performed. The Western blot revealed the 
presence of the full-length, 55 kDa XIAP protein, both in untreated and treated cells. In 
addition, a novel, approximately 26 kDa XIAP-reaciive band was also obsen'ed in apoptotic 
cell extracts, but not in the control, untreated cell extracts (Fig. 13). 

Cleavage of XIAP occurs in a variety of cell types, including other cancer cell lines 

15 such as HeLa. The expression of the 26 kDa XLAP cleavage product was demonstrated in 
HeLa cells as follows. HeLa cells were treated with either: (1) cyclohexamide (20 ^g/ml), 
(2) anti-Fas antibody (1 ^g/ml), (3) anti-Fas antibody (1 jig/ml) and cyclohexamide (20 
^ig/ml), (4) TNFa (1 ,000 U/ml), or (5) TNFa (1 ,000 U/ml) and cyclohexamide (20 fig/ml). 
All cells were harvested 1 8 hours after treatment began. As above, anti-Fas antibody was 

20 added to an extract after the cells were harv^ested. MeLa cells were harvested, and the 

Western blot was probed under the same conditions as used to visualize XIAP-reactive bands 
from Jurkat cell samples. A 26 kDa XIAP band was again seen in the apoptotic cell 
preparations (Fig. 14). Furthermore, the degree of XLAP cleavage correlated positively with 
cellular exposure to apoptotic triggers. Treatment of HeLa cells with cycloheximide or 

25 TNFa alone caused only minor apoptosis, and liltle cleavage product was observed. If the 
cells were treated with the anli-Fas antibody, a greater amount of cleavage product was 
apparent. These data indicate that XIAP is cleaved in more than one cell type and in 
response to more than one type of apoptotic trigger. 



Time Course of Expression 
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The time course over which the 26 kDa cleavage protliici accumuiaies was examined 
by treating HeLa and Jurkai cells with ami -Fas antibody ( 1 |.ig/ ml) and harvesting them either 
immediately, or 1, 2, 3, 5, 10, or 22 hours after treatment. Protein extracts were prepared and 
Western blot analysis was performed as described above. Both types of cells accumulated 
5 increasing quantities of the 26 kDa cleavage product over the time course examined (Figs. 
15A and 15B), 

Subcellular Localization of the 26 kDa XJAP Cleavage Product 

In order to determine the subcellular location of the 26 kDa cleavage product, Jurkat 
cells were induced to undergo apopiosis by exposure to anti-Fas antibody (1 ^ig/miyand were 

10 then harvested either immediately, 3 hours, or 7 hours later. Total protein extracts were 
prepared, as described above, from cells han'ested at each time point. In order to prepare 
nuclear and cytoplasmic cell extracts, apopiotic .lurkat cells were washed with isotonic Tris 
buffered saline (pH 7.0) and lysed by freezing and thawing five times in cell extraction buffer 
(50 mN4 PIPES, 50 mM KCl, 5 mM EGTA, 2 mM MgClz, I mM DTT, and 20 

1 5 cyiochalasin B). Nuclei were pelleted by centrifugation and resuspended in isotonic Tris (pH 
7.0) and frozen at -80°C. The cytoplasmic fraction of the extract was processed further by 
centrifugation at 60,000 RPM in a TA 100.3 rotor for 30 minutes. Supcmatants were 
removed and frozen at -80 "C. Samples of both nuclear and cytoplasmic fractions were 
loaded on a 12.5% SDS-polyacrylamidc gel, and electroblotted onto PVDF membranes. 

20 Western blot analysis was then performed using either an anti-CPP32 antibody (Transduction 
Laboratories Lexington, KY; Fig. 16A) or the rabbit anti-XlAP antibody described above 
(Fig. 16B). 

The anti-CPP32 antibody, which recognizes the CPP32 protease (also known as 
YAMA or Apopain) partitioned almost exclusively in the cytoplasmic fraction. The 55 kDa 

25 XIAP protein localized exclusively in the cytoplasm of apoptotic cells, in agreement with the 
studies presented above, where XIAP protein in normal, healthy COS cells was seen to 
localize, by immunofluoresence microscopy, to the cytoplasm. In contrast, the 26 kDa 
cleavage product localized exclusively to the nuclear fraction of apoptotic Jurkat cells. 
Taken together, these observations suggest that the anti -apoptotic component of XIAP could 

30 be the 26 kDa cleavage product, which exerts its influence within the nucleus. 
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In vitro Cleavage of XJAP protein and Churacierization of the Cleavage Product 

For this series ol experimems. XI.AP protein was labeled with ^^S using the piasmid 
pcDNA3-6myc-XIAP, T7 RNA poiymerasc. and a coupled transcripiion/translaiion kit 
(Promega, jMadison, WI) according lo the manufacturer's insiruclions. Radioactively labeled 

5 XIAP protein was separated from unincorporated methionine by column chromatography 
using Sephadex G-SO™. In addition, extracts of apoptotic Jurkat cells were prepared 
following treatment with anti-Fas antibody ( 1 ng/ml) for three hours. To prepare the 
extracts, the cells were lysed in Triton X-100 buffer (1% Triton X-100, 25 niM Tris HCl) on 
ice for two hours and then microcentrifuged for 5 minutes. The soluble extract was retained 

1 0 (and was labeled TXlOO). Cells were lysed in cell extraction buffer with freeze/thawing. 
The soluble cytoplasmic fraction was set aside (and labeled CEB). Nuclear pellets from the 
preparation of the CEB cytoplasmic fraction were solubilized with Triton X-100 buffer, 
microcentrifuged, and the soluble fractions, whic)) coniains primarily nuclear DNA, was 
retained (and labeled CEB-TXl 00). Soluble cell extract was prepared by lysing cells with 

15 NP-40 buffer, followed by microcentrifugation for 5 minutes (and was labeled MP -40). In 
vitro cleavage was performed by incubating 16 ul of each extract (CEB, TX-lOO, CEB- 
TXl 00, and NP-40) with 4 ^l of in vitro translated XIAP protein at jl^'C for 7 hours. 
Negative controls, containing only TXlOO buffer or CEB buffer were also included. The 
proteins were separated on a 10% SDS-polyacrylamide gel, which was dried and exposed to 

20 X-ray film overnight. 

In vitro cleavage of XIAP was apparent in the CEB extract. The observed molecular 
weight of the cleavage product was approximately 36 kDa (Fig. 1 7). The 10 kDa shift in the 
size of the cleavage product indicates that the obsenxd product is derived from the amino- 
lerminus of the recombinant protein, which coniains six copies of the myc epitope (10 kDa). 

25 It thus appears that the cleavage product possesses at least two of the BIR domains, and that 
it is localized to the nucleus. 

EXAMPLE 5: CHARACTERIZATION OF TAP ACTTVITY AND TNTR.4CELLULAR 
LOCALIZATION STUPIES 

The ability of lAPs to modulate apoptosis can be defined in vitro systems in which 

30 alterations of apoptosis can be detected. Mammalian expression constructs carrying lAP 
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cDNAs, which arc either full-length iruiiciued. or amisense constructs can be introduced into 
cell lines such as CHO, NIH 3T3, HL60, RaM, or Jurkm ccHs. In addition. SF21 insect cells 
may be used, in which case the lAP gene is preferentially expressed using an insect heat 
shock promoter. Following iransfection, apoptosis can be induced by standard methods, 

5 which include serum withdrawal, or application of slaurosporine. menadione (which induces 
apoptosis via free radial formation), or anti-Fas antibodies. As a control, cells are cultured 
under the same conditions as those induced to undergo apoptosis, but either not transfcctcd, 
or transfected with a vector that lacks an lAP insert. The ability of each lAP related construct 
lo inhibit or enhance apoptosis upon expression can be quantified by calculating the survival 

10 index of the cells, /.t*., the ratio of sun-iving transfected cells to sur\Mving control cells. 

These experiments can confirm liie presence of apoptosis inhibiting activity and. as discussed 
below, can also be used to deiemiine the functional region{s) of an lAP which may be 
employed to achieve eniiancemeni of apoptosis. These assays may also be perfomied in 
combination with the application of additional compounds in order to identify compounds 

1 5 that enhance apoptosis via lAP expression. 

E XAMPLES 6: CELL SURVIVAL FOLLOWING TRANSFECTION WITH lAP 
CONSTRUCTS AND INDUCTION OF APOPTOSIS 

Specific examples of the results obtained by performing various apoptosis 

suppression assays are shown in Figs. lOA lo lOD. For example. CHO cell sur\'ival 

20 following transfection with one of six constructs and subsequent serum withdrawal is shown 
in Fig. I OA. The cells were transfected using Lipofeciace'^'^* with 2 pg of one of the 
following recombinant plasmids: pCDNA36myc-xiap (XIAP), pCDNA3-6myc-hiap- 1 
(HIAP-1), pCDNA3-6myc-hiap-2 (HlAP-2), pCDNA3-bc]-2 (BCL-2), pCDNA3-HA-smn 
(SMTn'), and pCDNA3-6myc (6-myc). Oligonucleotide primers were synthesized to allow 

25 PCR amplification and cloning of the XIAP, HL^P-1, and HlAP-2 ORFs in pCDNA3 
(Invitrogen). Each construct was modified to incorporate a synthetic myc lag encoding six 
repeats of the peptide sequence MEQKLISEEDL (SEQ ID NO: 17), thus allowing detection 
of myc-IAP fusion proteins via monoclonal anti-myc antisenjm (Egan ei al. Nature 363: 45- 
51 , 1993). Triplicate samples of cell lines in 24-wcll dishes were washed 5 times with serum 

30 free media and maintained in serum free conditions during the course of the experiment. 
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Cells thai excluded tr\'pan blue, and thai were therefore viable, were counted with a 
hemocytomeier immediately, 24 hours, 4S hours, and 72 hours, after serum withdrawal. 
Survival was calculated as a percentage of the initial number of viable cells. In this 
experiment and those presented in Figs. lOB and lOD, the percentage of viable cells shown 
5 represents the average of three separate experiments performed in triplicate, +/- average 
deviation. 

The survival of CHO cells following iransfection ( with each one of the six constructs 
described above) and exposure to menadione is shown in Fig. lOB. The cells were plated in 
24-well dishes, allowed to grow ovemiglu. and then exposed lo 20 uM menadione for 1.5 
10 hours (Sigma Chemical Co., St. Louis, MO). Triplicate samples were harvested at the time 
of exposure to menadione and 24 hours aficr\vard, and sun-ival was assessed by trypan blue 
exclusion. 

The survival of Rat- 1 cells following iransfection ( with each one of the six constructs 
described above) and exposure to staurosporine is shown in Fig. IOC. Rat-1 cells were 
15 transfected and then selected in medium containing 800 ^g/ml G418 for two weeks. The cell 
line was assessed for resistance to staurosporine-induced apoptosis (1 j^iM) for 5 hours. 
Viable cells were counted 24 hours after exposure to staurosporine by tiypan blue exclusion. 
The percentage of viable cells shown represents the average of two experiments, +/- average 
deviation. 

20 The Rat- 1 eel! line was also used to test the resistance of these cells to menadione 

(Fig. lOD) following transfection with each of the six constructs described above. ,Thc cells 
were exposed lo 10 menadione for 1.5 hours, and the NUMBER of viable cells was 
counted 1 8 hours later. 

FYAMPT.R 7: COMPARISON OF CELL SURVIVAL FOLLOWING 
25 TRANSFECTION WITH FULL-LENGTH VS. PARTIAL lAP CONSTRUCTS 

In order to investigate the mechanism whereby human lAPs, including XIAP, HIAP- 

L and HIAP-2, afford protection against cell death, expression vectors were constructed that 

contained either: ( 1 ) full-length I AP cDNA (as described above), (2) a ponion of an lAP 

gene that encodes the BIR domains, but not the R2F, or (3) a portion of an lAP gene that 

30 encodes the RZF, but not the BIR domains. Human and murine XIAP cDNAs were tested by 
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transient or stable expression in HcLa, Jiirkai, and CHO cell lines. Following iransfeclion, 
apopiosis was induced by serum withdrawal, application of menadione, or application of an 
anti-Fas antibody. Cell death was then assessed, as described above, by trypan blue 
exclusion. As a control for transfcction efficiency, the cells were co-iransfecied with a P-gal 
5 expression construct. Typically, approximately 20% of the cells were successfully 
transfected. 

When CHO cells were transiently transfected, constructs containing full-length 
human or mouse xiap cDNAs conferred modest but definite protection against cell death. In 
contrast, the survival of CHO cells transfected with constructs encoding only the BJR 

10 domains (i.e., lacking the RZF domain) was markedly enhanced 72 hours after serum 

deprivation. Furthermore, a large percentage of cells expressing the BIR domains were still 
viable after 96 hours, at which time no viable ceils remained in the control, i.e. non- 
transfected, cell cultures, and less than 5% of the cells transfected with the vector only, i.e., 
lacking a cDNA insert, remained viable. Deletion of any of the BIR domains results in the 

1 5 complete loss of apoptotic suppression, which is reflected by a decrease in the percentage of 
surviving CHO cells to control levels within 72 hours of serum withdrawal. 

Stable pools of transfected CHO cells, which were maintained for several months 
under G41 8 selection, were induced to undergo apoptosis by exposure to 1 0 ^iM menadione 
for 2 hours. Among the CHO cells tested were those that were stably transfected with: (1) 

20 full-length munne XIAP cDNA (MIAP), (2) full-length XIAP cDNA (XIAP), (3) full-length 
BCL-2 cDNA (BCL-2), (4) cDNA encoding the tluee BIR domams (but not the RZF) of 
murine XIAP (BIR), and (5) cDNA encoding the RZF (but not BIR domains) of M-XIAP 
(RZF). Cells that were non-transfccted (CHO) or transfected with the vector only (pcDNA3), 
served as controls for this experiment. Following exposure to 10 \iM menadione, the 

25 transfected cells were washed with phosphate buffered saline (PBS) and cultured for an 

additional 24 hours in menadione- free medium. Cell death was assessed, as described above, 
by trypan blue exclusion. Less than 10% of the non-transfected or vector-only transfected 
cells remained viable at the end of the 24 hour survival period. Cells expressing the RZF did 
not fare significantly better. However, expression of full-length murine XIAP, human XIAP, 

30 or BCL-2, and expression of the BIR domains, enhanced cell survival. When the 

concentration of menadione was increased from 10 fiM to 20 (with all other conditions 
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of the experimem being the same as when 10 uM menadione was applied), the percentage of 
viable CHO cells that expressed the BIR domain cDNA construct was higher than the 
percentage of viable cells that expressed either full-length murine XI AP or BCL-2. 

FX AMPLE 8: ANALYSIS OF THE SUBCELLULAR LOCATION OF RXPRESSED 
5 RZF AND BIR DOMAINS 

The assays of cell death described above indicate that the RZF acts as a negative 

regulator of the anti-apoptotic function of lAPs. One way in which the RZF, and possibly 

other lAP domains, may exert their regulatory influence is by altering the expression of 

genes, whose products function in the apoptotic pathway. 

1 0 In order to determine whether the subcellular locations of expressed RZF and BIR 

domains are consistent with roles as nuclear regulatory factors. COS cells were transiently 
trans fccted with the following four constructs, and liie expressed polypeptide was localized 
by immunofluoresceni microscopy; (1 ) pcDNA3-6myc'XlAP. which encodes all 497 amino 
acids of SEQ ID NO: 4, (2) pcDNA3-6myc-m-XL^P. which encodes all 496 amino acids of 

1 5 mouse XIAP (SEQ ID NO: 10), (3) pcDNA3-6myc-mxiap-BIR, which encodes amino acids 
1 to 341 of m-XIAP, and (4) pcDNA3-6myc-mxiap-RZF, which encodes amino acids 342- 
496 of murine XIAP. The cells were grown on multi-well tissue culture slides for 12 hours, 
and then fixed and peiTneabilized with methanol. The constructs used (here and in the cell 
death assays) were tagged with a human Myc epitope lag at tlie N-terminus. Therefore, a 

20 monoclonal anti-Myc antibody and a secondary goat anti -mouse antibody, which was 
conjugated to FITC, could be used to localize the expressed products in transiently 
transfected COS cells. Full-length XIAP and MlAP were located in the cytoplasm, with 
accentuated expression in the pcri-nuclcar zone. The same pattern of localization was 
obsen'ed when the cells expressed a construct encoding the RZF domain (but not the BIR 

25 domains). However, cells expressing the BIR domains (without the RZF) exhibited, 

primarily, nuclear staining. The protein expressed by the BIR domain construct appeared to 
be in various stages of transfer to the nucleus. 

These observations are consistent with the fact that, as described belov;', XIAP is 
cleaved within T cells that are treated with anti-Fas antibodies (which are potent inducers of 
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apopiosis). and its N-iemiinal domain is iranslocaicd to ihe nucleus. As noicd in Example 2, 
HlAP-2 appears to undergo a similar cleavage event. 

EXAMPLE 9: TESTING OF ANTISENSE OLIGONUCLEOTTDES: 

/. Complete panel of adenovirus constructs. The panel may consist of approximately four 
5 types of recombinant virus. A) Sense orientation viruses for each of the lAP or NAIP open 
reading frames: XIAP, HlAP-1, HlAP-2, and NAIP. These viruses arc designed to 
massively overexpress the recombinant protein in infected cells. B) Aniisense orientation 
viruses in which the viral promoter drives the synthesis of an mRNA of opposite polarity to 
the lAP mRNA, thereby shutting off host cell synthesis of the targeted protein coding region. 

10 XIAP, HIAP-K HIAP-2, and NAIP '-aniisense" consirucls required. C) Sub-domain 

expression viruses. These constructs express only a partial lAP protein in infected cells. Our 
results indicate that deletion of the zinc finger of XIAP renders the protein more potent in 
protecting cell against apoptotic triggers. This data also indicates that expression of the zinc 
fmger alone will indicate apoptosis by functioning as a dominant-negative repressor of XIAP 

15 function. XIAP-AZF and XIAP-ABIR viruses required. D) Control viruses. Functional 
analysis of the lAPs requires suitable positive and negative controls for comparison. BCL-2 
sense, BCL-2 antisense, p53 sense, and Lac Z (negative control) viruses may be utilized. 

2. Coiifirmaiion of recomhwani adenovirus function. Verification of the sense adenovirus 
function involves infection of tissue culture cells and dcicrmination ofprotcin expression 

20 levels. We have perfomied western blot analysis of several of the recombinant adenoviruses, 
including NAIP, XIAP and XIAP-ARZF. The remaining viruses may be ready readily 
assessed for protein expression using the polyclonal I.'\P antibodies. Functional analysis of 
the antisense viruses may be done at the RNA level using either northern blots of total RNA 
har\'ested from infected tissue culture cells or ribonuclease protection assays. Western blot 

25 analysis of infected cells will be used to determine whether the expressed antisense RM A 
interferes with lAP expression in the host cell. 

3. Documentation that lAP overexpression results in increased drug resistance. Wc have 
optimized cell death assays to allow high through-put of samples with minimal sample 
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variation. Testing of the sense lAP adenoviruses for their ability to alter dnig sensitivity of 
breast and pancreatic adenocarcinoma cell lines inay be accomplished as follows. Cancer 
cell lines are infected with the recombinant vinises, cultured for 5 days, then subdivided into 
24 well plates. Triplicate cell receive increasing concentrations of the anti-cancer drug under 
5 investigation. Samples are harvested at 24, 48, and 72 hours post exposure, and assayed for 
the number of viable cells in the well. The dose response curve is then compared to 
uninfected and control virus (both positive and negative) infected cells. One may document a 
dramatic increase in the relative resistance of the cancer cell lines when infected with the 
sense viruses, confirming our hypothesis that overexpression of the LAP proteins contributes 
10 to the anii-apoptotic phenotypc of cancer cells. Initial experimcms utilize the 
chemotherapeutic drugs doxorubicin and adrianiycin. 

Documentation that antisense JAP overexpression results in increased drug sensitivity. 
Having confirmed that lAP overexpression renders cancer cell more resistant to chemo- 
therapeutic drugs, one may examine whether the antisense adenoviruses render the same cells 
1 5 more sensitive. The effectiveness of antisense lAP viruses relative to antisense BCL-2 virus 
will also be assessed as a cnicial milestone. 

5. Identification of antisense oligonucleotides. Concomitant to the adenovirus work, we 
have designed a series of antisense oligonucleotides to various regions of each of the lAPs. 
A generally accepted model of how antisense oligonucleotides function proposes that the 

20 formation of RNA/DNA duplexes in the nucleus activates cellular RnaseH enzymes which 
then enzymatically degrade the mRN A component of the hybrid. Virtually any region of the 
mRNA can be targeted, and therefore choosing an appropriate sequence to target is somewhat 
empirical. Many factors, including secondary stmcture of the target mRNA and the binding 
affinity of the targeted sequence determine whether a particular oligonucleotide will be 

25 effective, necessitating several oligonucleotides for each lAP. Five oligonucleotides have 
been made for each LAP mRNA based on the available computer algorhylhms for predicting 
binding affmilics and mRNA secondary structures. These and other oligonucleotides may be 
tested for their ability to target their respective mRNAs for degradation using northern blot 
analysis. 
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6. Optimization of oligonucleotides. A seconclar>' round of oligonucleotides may be made 
when effective target regions have been identified. These oligonucleotides target sequences 
in the immediate vicinity of the most active antisense oligonucleotides identified using 
methods such as those provided above. A second round of testing by northern blot analysis 

5 may be required. 

7. Testing antisense oligonucleotides in vitro. Following successful identification and 
optimization of targeting oligonucleotides, one may test these in the tissue culture model 
system using the optimal cell lines such as those described in the cancer survey described 
herein. Experimental procedures may parallel those used in the recombinant antisense 

10 adenovirus work. Negative control oligonucleotides wuh iiiiss-maich sequences are used to 
establish base line or non-specific effects. .Assisted transfeciion of the oligonucleotides using 
cationic lipid carriers may be compared to unassisted Iransfection. Confirmation of the 
effectiveness of specific antisense oligonucleotides prompts synthesis of oligonucleotides 
with modified phosphodiesier linkages, such as phosphoroihioate or methylimino substituted 

15 oligonucleotides. These may also be tested />? vZ/ro. 

8. Animal modeling of antisense oligonucleotide therapies. 

Animal modeling of the effectiveness of the antisense LAP approach is described here. Cell 
lines are routinely assessed for their lumorigenic potential in "nude" mice, a hairless strain of 
mouse that is immunocompromised (lacks a functional thymus), and thus extremely 

20 susceptible to developing tumors. In the nude mouse assay, cancer cells are grown in tissue 
culture and then injected under the skin at multiple sites. The frequency with which these 
cells give rise to palpable tumors within a defined period of lime provides an index of the 
lumorigenic potential of the cell line in the absence of interference by a functional immune 
system. Preliminary assessment of an antisense lAP therapeutic involves injection of cancer 

25 cells infected with the recombinant adenoviruses (sense, antisense, and control viruses) under 
the skin, and the lumorigenic index compared to that of untreated cells. One may also use 
this model to assess the effectiveness of systemic administration of antisense 
oligonucleotides in increasing the efficacy of anti-cancer drugs in the nude mouse model. 
Phosphoroihioate or methylimino substituted oligonucleotides will be assessed at this stage. 
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This type ofaniisense oligonucleotide has demonstrated enhanced cell permeability and 
slower clearance rates from the body in experimental animal models. 

EXAMPLE 10: ADDITIONAL APOPTQSIS ASSAYS 

Specific examples of apoplosis assays are also provided in the following references. 
5 Assays for apoptosis in lymphocytes are disclosed by: Li et al. Science 268: 429-43 1 , 1995; 
Gibellini ei ai, Br. J. Haematol. 89: 24-33, 1995; Manin et ai, J. Immunol. 152: 330-342, 
1994; Terai et ai.. L Clin Invest. 87: 1710-1715, 1991; Dhein eraL, Nature 373: 438-441, 
1995; Katsikis ei aL J. Exp. Med. 1815: 2029-2036, 1995; VVestendorp et aL, Nature 375: 
497-500.. 1995; DcRossi et al. Virology 198: 234-244, 1994. 

10 Assays for apoptosis iu fibroblasts are disclosed by: Vossheck ei ai. Int. .1. Cancer 

61 : 92-97. 1995; Goruppi ci ai, Oncogene 9: 1537- 1544. 1994; Fernandez ei ai. Oncogene 
9: 2009-2017, 1994; Harringion uL. EMBO J., 13: 3286-3295, 1994: lloh et ai^ J. Biol. 
Chem. 268; 10932-10937, 1993. 

Assays for apoplosis in neuronal cells are disclosed by: Melino ei ai, Mol. Cell. 

1 5 Biol. 14: 6584-6596, 1994; Rosenbaum et aL Ann, Neurol. 36: 864-870, 1994; Sato et al, L 
Neurobiol. 25: 1227-1234, 1994; Ferrari ct al, J. Neurosci. 1516: 2857-2866, 1995; Talley et 
ai, Mol. Cell. Biol. 15: 2359-2366, 1995; Walkinshaw et ai, J. Clin. Invest. 95: 2458-2464, 
1995. 

Assays for apoptosis in insect cells are disclosed by: Clem et al. Science 254: 1388- 
20 1390, 1991 ; Crook et aL J. Virol. 67: 2168-2174, 1993; Rabizadeh et aL, J. Neurochem. 61: 
2318-2321, 1993; Bimbaum et al., J. Virol. 68: 2521-2528, 1994; Clem ei aL, Mol. Cell. 
Biol. 14:5212-5222, 1994. 

EXAMPLE 11: CONSTRUCTION OF A TRANSGENIC ANIMAL 

Characterization of lAP and NAIP genes provided information that necessary for 
25 generation lAP and NAIP transgenic animal models to be developed by homologous 
recombination (for knockouts) or iransfection (for expression of lAP or NAIP fragments, 
antisense nucleic acids, or increased expression of wild-type or mutant I APs or NAIP). Such 
a model may be a mammalian animal, e.g., a mouse, and is useful for the identification of 
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cancer therapeutics alone or in combination with cancer inducing cells or agents, or when, 
such mice are crossed with mice genetically predisposed to cancers. 

The preferred transgenic animal overexprcssion in lAP or NAIP and has a 
predisposition to cancer. This mouse is particularly useful for the screening of potential 
5 cancer therapeutics. 

EXAMPLE }2: lAP Ol^ NAIP PRQ TEIN EXPRESSION 

lAP and NAIP genes and fragments thereof [i.e., RZF fragments) may be expressed in 
both prokaryotic and eukaryotic cell types. If an lAP or NAIP fragment enhances apoptosis, 
it may be desirable to express that protein under control of an inducible promoter. 

10 In general, lAPs and NAJP, and fragments iliereof may he produced by transforming 

a suitable host cell with all or pan of the lAP-cncodiny or N A IP-encoding cDNA fragment 
that has been placed into a suitable expression vector. 

Those skilled in the art of molecular biology will understand that a wide variety of 
expression systems may be used to produce the recombinant protein. The precise host cell 

1 5 used is not critical to the invention, altliough cancer cells arc preferable. The lAP protein 
may be produced in a prokaryotic host (e.g., E. coii) or in a eukaryotic host (e.g.. S. 
cerevisiae, insect cells such as Sf2l cells, or mammalian cells such as COS-1, NIH 3T3, or 
HeLa cells, or other highly proliferative cell types). These cells arc publically available, for 
example, from the American Type Culture Collection. Rockville, MD; see also Ausubel et 

20 ai, supra). The method of transduction and the choice of expression vehicle will depend on 
the host system selected. Transfomiaiion and transfection methods arc described, e.g., in 
Ausubel et al. {supra)^ and expression vehicles may be chosen from those provided, e.g., in 
Clonine Vectors: A Laborator\^ Manual (P.H. Pouwels ci ai, 1985. Supp. 1987). 

Polypeptides of the invention, particularly short lAP fragments, can also be produced 

25 by chemical synthesis (e.g ,'by the methods described in Solid Phase Peptide Synthesis . 2nd 
ed., 1984 The Pierce Chemical Co., Rockford, IL). These general techniques of polypeptide 
expression and purification can also be used to produce and isolate useful lA? fragments or 
analogs, as described herein. 



EXAMPLE 13: ANTl-lAP AND ANTl-NAIP ANTIBODIF.S 
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In order to generate JAP-specific and NAIP-specific antibodies, an lAP or NAIP 
codinii sequence (e.g., amino acids 1 80-276) can be expressed as a C-lerminal fusion with 
glutathione S-lransferase (GST: Smith e/ al.. Gene 67: 31-40, 1988). The fusion protein can 
be purified on glutathione-Sepharose beads, eluted with glutathione, and cleaved with 
5 thrombin (at the engineered cleavage site), and purified to the degree required to successfully 
immunize rabbits. Primary immunizations can be cairied out with Freund's complete 
adjuvant and subsequent immunizations performed with Freund's incomplete adjuvant. 
Antibody litres are monitored by Western blot and immunoprecipitation analyses u^ing the 
thrombin-cleaved lAP fragment of the GST-IAP and GST-NATP fusion proteins. Immune 

10 sera are affinity purified using CNBr-Sepharose-coupled lAP protein. Antiserum specificity 
is detemiined using a panel of unrelated GST proteins (including CSTp53. Rb, HPV-16 E6, 
and E6-AP) and GST-ti^'psin (which was generated by PGR using known sequences). 

As an alternate or adjunct immunogen to GST fusion proteins, peptides corresponding 
to relatively unique hydrophilic regions of lAP or NAIP may be generated and coupled to 

15 keyhole limpet hemocyanin (KLH) through an introduced C-terminal lysine. Antiserum to 
each of these peptides is similarly affinity purified on peptides conjugated to BSA, and 
specificity is tested by ELTSA and Western blotting using peptide conjugates, and by 
Western blotting and immunoprecipitation usmg lAP or NAIP expressed as a GST fusion 
protein. 

20 Alternatively, monoclonal antibodies may be prepared using the I AP or NAIP 

proteins described above and standard hybridoma technology (see, e.g., Kohler et al. Nature 
256: 495, 1975; Kohler et al., Eur. J. Immunol. 6: 51 L 1976; Kohler et ciL Eur. J. Immunol. 
6:292, 1976; Hammerling et al.. In Monoclonal Antibodies and T Cell Hvbridomas , Elsevier, 
New York, NY, 1981 ; Ausubel et ai, supra). Once produced, monoclonal antibodies are 

25 also tested for specific lAP or NAIP recognition by Western blot or immunoprecipitation 
analysis (by the methods described in Ausubel et a!., supra). 

Antibodies that specifically recognize lAPs or NAIP or fragments thereof, such as 
those described herein containing one or more BIR domains (but not a ring zinc finger 
domain), or that contain a ring zinc finger domain (but not a BIR domain) are considered 

30 useful in the invention. They may, for example, be used in an immunoassay to monitor lAP 
or NAfP expression levels or to determine the subcellular location of an lAP or NAIP (or 
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fragment thereoO produced by a mammal. Antibodies that inhibit the 26 kDa lAP cleavage 
product described herein (which contains at least one BIR domain) may be especially useful 
in inducing apoptosis in cells undergoing undesirable proliferation. 

Preferably, antibodies of the invention are produced using lAP or NAIP sequence that 
5 does not reside within highly conserved regions, and that appears likely to be antigenic, as 
analyzed by criteria such as those provided by the Peptide structure program (Genetics 
Computer Group Sequence Analysis Package, Program Manual for the GCG Package, 
Version 7, 1991) using the algorithm of Jameson and Wolf (CABIOS 4: 181, 1988)/ 
Specifically, these regions, which are found between BIRl and BIR2 of all lAPs, are: from 

1 0 amino acid 99 to amino acid 1 70 of HI AP- 1 , from amino acid 1 23 to amino acid 1 84 of 
HI AP-2, and from amino acid 1 1 6 to amino acid 1 33 of either XI AP or m-XlAP. These 
fragments can be generated by standard techniques, e.g., by the PGR, and cloned into the 
pGEX expression vector (Ausubel ei ai, supra). Fusion proteins are expressed in £. coli and 
purified using a glutathione agarose affinity matrix as described in Ausubel et al (supra). In 

1 5 order to minimize the potential for obtaining antisera that is non-specific, or exhibits low- 
affinity binding to lAP, two or three fusions are generated for each protein, and each fusion is 
injected into at least two rabbits. .Ajitisera are raised by injections in series, preferably 
including at least three booster injections. 

EXAMPLE 14: IDENTIFICATION OF MOLECULES THAT MODULATE THE 
20 EXPRESSION OR BIOLOGICAL ACTIVIT Y OF AN lAP OR NAlP GENE 

lAP and NAIP cDNAs facilitate the identification of molecules that decrease lAP or 

NAIP expression or otherwise enhance apoptosis normally blocked by these polypeptides. 

Such compounds are highly useful as, for example, chemotherapcutic agents to destroy a 

cancer cell, or to reduce the growth of a cancer cell, where the cancer cell is one, as is 

25 described herein, with an elevated level of an lAP or NAIP polypeptide. 

In one approach, candidate molecules are added, in vaiying concentration, to the 
culture medium of ceils expressing lAP or NAIP mRNA. lAP or NAIP expression is then 
measured, for example, by Northem blot analysis (Ausubel e/ uL, supra) using an lAP or 
NAIP cDNA, or cDNA fragment, as a hybridization probe. The level of lAP or NAIP 

30 expression in the presence of the candidate molecule is compared to the level of lAP or NAIP 



wo 98/35693 



PCT/IB98/00781 



- 51 - 

expression in the absence of the candidate moJecuJc. all other factors (e.g., cell type and 
cuhure conditions) being equal. 

The effect of candidate molecules on JAP- or NAIP-medialed apoptosis may, instead, 
be measured al the level of protein or the level of polypeptide fragments of lAP or NAIF 

5 polypeptides using the geneial approach described above with standard polypeptide detection 
techniques, such as Western blotting or immunoprecipiiaiion with an lAP or NAlP-specific 
antibodies (for example, the antibodies described herein). 

Compounds that modulate the level of a lAP or NAIF polypeptide may be purified, or 
substantially purified, or may be one component of a mixture of compounds such as an 

1 0 extract or supernatant obtained from cells ('.-Nusubel ei al.. supra). In an assay of a mixture of 
compounds, LAP or NAIP polypeptide jexpression is tested against progressively smaller 
subsets of the compound pool (e.g., produced by standard purification techniques such as 
HPLC or FPLC) until a single compound or minimal number of effective compounds is 
demonstrated to modulate lAP or NAIP expression. 

1 5 Compounds may also be screened for their ability to modulate the biological activity 

of an lAP or NAIP polypeptide by, for example, an ability to enhance lAP- or NAIP- 
mediated apoptosis. In this approach, the degree of apoptosis in the presence of a candidate 
compound is compared to the degree of apoptosis in its absence, under equivalent conditions. 
Again, the screen may begin with a pool of candidate cotiipounds, from which one or more 

20 useful modulator compounds are isolated in a step-wise fashion. Apoptosis activity may be 
measured by any standard assay, for example, those described herein. 

Another method for detecting compounds that modulate the expression or biological 
activity of an lAP or a NAIP polypeptide is to screen for compoujtds that interact physically 
with a given lAP polypeptide. These compounds may be delected by adapting two hybrid 

25 systems known in the art. These systems detect protein interactions using a transcriptional 
activation assay and are generally described by Gyuris ei al. (Cell 75: 791 -803, 1 993) and 
Field et al. (Nature 340: 245-246, 1989), and are commercially available from Clontech 
(Palo Alto, CA). In addition, PCT Publication WO 95/28497 describes a two hybrid system 
in which proteins involved in apoptosis, by virtue of their interaction with B(i;L-2, are 

30 detected. A similar method may be used to identify proteins and other compounds that 
interact with 1 AP or NAIP polypeptides. 
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Compounds or molecules thai function as modulators of lAP-mediated cell death may 
include peptide and non-pepiide molecules such as those present in cell extracts, mammalian 
serum, or growth medium in which mammalian cells have been cultured. In addition, 
compounds previously known for their abilities to modulate apoptosis in cancer cells may be 
5 tested for an ability to modulate expression of an lAP molecule. 



TABLE 2 

OLIGONUCLEOTIDE PRIMERS FOR THE SPECIFIC 
RT-PCR A.VIPLIFICATION OF lAP GENES 



lAP Gene 


Forward Primer 
(nucleoltde position*) 


Reverse Primer 
(nucleotide position"^) 


Size of Product 
(bp) 


h-XIAP 


p2415 (876-896) 


p2449 (1291-1311) 


435 


m-XIAP 


p2566 (458-478) 


p2490 (994-1013) 


555 


h-HIAP 1 


p2465 (827-847) 


p2464 (1008-1038) 


211 


m-HIAP 1 


p26S7 (747-767) 


p2684 (1 177-1197) 


450 


HIAP2 


p2595 (1562-1585) 


p2578 (2339-2363) 


801& 
61 8@ 


m-HlAP2 


p2693 (175M772) 


p2734 (2078-2100) 


349 



* Nucleotide position as determined from Figs. 1 -4 for each 1 AP gene 
&PCR product size of hiap2a 
@ PGR product size of hiap2b 



20 F XAMPLE 15: ROLE OF LAPs IN HUMAN OVARIAN CANCER RESISTANCE TO 
CIgPLATIN 

Ovarian epithelial cancer cell apoptosis has been demonstrated to be involved in 
cisplaiin-induced cell death (Havrilesky ei al, Obstet. Gynecol. 85: I007-10I0, 1995; 
Anthoneye/a/.,CancerRes. 56: 1374-1381, 1996). The action of cisplatin is thought to 
25 involve the formation of inter and inira-strand DNA crosslinks (Sherman ei al. Science 230: 
412-417, 1985) although the events leading to cell death after cisplatin treatment is unclear. 
If lAPs arc indeed key elements in the regulation of apoptosis in ovarian cancer cells, one 
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would expect thai dowii-regulaiion of ihis anii-apopioiic protein would result in cell death. 
To test this, cisplatin-sensitive human ovarian surface epithelial cells (OV2008) were 
infected with either adenoviral XIAP anlisense, adenoviral HIAP-2 antisense. or the empty 
vector with LacZ (as control) for up to 60 hours, at which lime changes in ceil morphology, 
5 apoptoiic cell number, cell viability, and total cell number were determined. The full length 
sense and antisense constructs of XIAP and HIAP-2 were prepared as briefly described 
hereafter. To construct the adenoviruses, the open reading frame for XIAP and HIAP-2 were 
PCR amplified with primers coiTCsponding to the amino and carboxy terminus. These PCR 
products were cloned in the pCR2. 1 vector (InvitroGen, Carlsbad, CA), and sequenced. The 

10 ORFs were then excised with EcoRI digestion, hluni ended with Klcnow fragment, and 
iigated into Swal di^esietl pAdexICAwi cosmid DNA. Packaging was perfoiTned with 
Promega (Madison. WI) cosmid packaging extracts and used to infect £. coli. Colonics were 
picked and screened for the presence of the insert in both the sense and antisense orientation 
relative to the chicken B-actin (CA) promoter. CsCl purified cosmid DNA was co- 

1 5 transfecied with wild-type adenovirus DNA, vv'hich contains the terminal protein complexed 
to the ends of the DNA. Wild type adenovirus DNA was cut with Nsil such that only 
homologous recombinant with the cosmid DNA generated infectious adenovirus DNA. The 
final recombinant adenovirus contains a linear, double stranded genome of 44,820 bp plus the 
insert size (approximately 1,500 for XLAP, approximately 1,800 for HIAP-2). 

20 Cisplatin-sensitive (OV2008) and cisplatin-resistant (CI 3) ovarian epithelial cancer 

cells were infected with adenovirus [multiplicity of infection (MOI) = 5 (IX); MOl = 10 
(2X)] containing antisense XIAP or HLAP-2 cDNA, or vector (control) for 60 hours. Cells 
were then trypsinized and total cell number was deiennined with haemocytomeiry while cell 
viability was detcnnined by the trypan blue dye exclusion test. XIAP antisense infection of 

25 OV200S cells significantly increased tiie percentage of dead cells compared to control 
(vector, p<0.00]). as determined by tiypan blue exclusion tests (Fig. 25, lop left panel). 
Although there appeared also to be a slight increase in percentage of dead cells with HlAP-2 
antisense infection of OV2008 cells, it was not statistically significant (Fig. 25, top left panel; 
p>0.05). Infection of the cisplaiin-resisiani variant of OV2008 cells (CI 3) with antisense of 

30 XIAP but not of Hisp-2 also significantly, though to a lesser extent, decreased cell viability 
(Fig. 25, top right panel). The cell death induced in both OV200S and C13 by XIAP 
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aniisense was also accompanied by decreases in total cell number, with the effect of the 
antisense infection being more pronounced in the cisplatin-scnsitive cells (Fig.25, bottom two 
panels). 

In addition, 60 hours of adenoviral XI AP antisense infection of OV2008 decreased 
5 XIAP protein content and induced extensive cell detaclunent, as is shown in Fig. 26A (black 
arrows in left **b'' photograph). Nuclear fragmentation (Fig. 26B, white arrows in 
photographs **b" and *'d") and increased the number of apoplotic cells as well as the 
abundance of apoplotic bodies (Fig 26B: photographs "b" and "d" compared to *'a" and "c") 
is also induced in OV2008 cells following 60 hours of infection with adenovirus XIAP 
10 antisense. For nuclear staining, cells were fixed in 4% fonnalin (in PBS, room temp., 10 
min.) and washed in PBS. The washed cells were then resuspendcd in Hoechsi staining 
solution (0.1 i-ig Hoechsi 33248/ml PBS, 10 min.), washed again, and spotted onto slides for 
microscopy. Nuclear staining was observed and photographed using a Zeiss flourescence 
microscope. Cells with typical apoplotic nuclear morphology were identified and counted, 
15 suing randomly selected fields and numbered photographic slides to avoid bias during 
counting. Analysis of variance indicated that there was highly significant effects of the 
antisense on XIAP protein content {p<0.001; Fig. 26D and 26E) and apoptosis (p<0.001; Fig 
26C). Indeed, infection of these cells with a higher litre of the adenoviral anti-sense 
(MOI=10 (2X)) further increased the number of cells undergoing apoptosis (Fig. 26C). 
20 To study whether lAP expression is the target for the chemotherapeutic action of 

cisplatin, OV2008 eels were cultured in the absence and presence of cisplatin (10-30 ^M) for 
24 hours, apoptosis and XIAP and HlAP-2 expression were assessed morphologically and by 
Western analysis, respectively. Like adenoviral XIAP antisense infection, the presence of 
cisplatin induced morphologic feature of apoptosis in OV2008 cells, including decreased cell 
25 volume, chromatin condensation and nuclear fragmentation (Fig. 27 A, left two photographs), 
and apoptotic low molecular weight DNA fragmentation (Fig. 27B), and was accompanied 
by decreased lAP expression (Figs. 28 A and 28B). The increase of apoptotic cell number in 
response to cisplatin was also concentration-dependent and was significant (50% vs. 2%; 
p<0.05) even at a concentration of 1 0 ^iM cisplatin (Fig. 27C). 
30 As shown in Figs. 28A and 28B, although both XIAP and HlAP-2 are present in the 

cisplatin-sensitive human ovarian surface epithelial cancer cell line OV2008 (protein sizes 
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55kDa and 68 kDa, respectively), their expression were down-regulated by cisplalin in a 
concentration-dependenl manner. XIAP appearing more responsive lo the anti-cancer agent. 
While XIAP protein content was decreased by almost 80% (p<0.01) in the presence 20 \lM 
cisplalin. the decrease orHlAP-2 protein content was not suppressed by cisplatin (Figs. 28A 
5 and28B). 

The expression of XIAP and HlAP-2 in CI 3, the cisplalin-resistanl variant of 
OV2008, was not suppressed by cisplatin (Figs. 28A and 28B), and no morphologic and 
biochemical changes characteristic of apoptosis could be delected (Figs. 27A and 27B). 
Although XIAP and HlAP-2 contents in CI 3 appeared to be higher in the presence of the 

10 anii-cancer agent, the differences were statistically non-signifjcani (p>0.05). Time course 
experiments on lAP expression demonstrated that the suppression of XIAP and HIAP-2 
protein levels in OV2008 by cisplatin was lime-dependent; a significant decrease was 
observed between 12-24 hours of culture (Figs. 29A and 29B). Expression of XIAP and 
HlAP-2 in CI 3 cells was not influenced by cisplatin. irrespective of the duration of treatment. 

15 To determine if the observed XIAP responses in OV2008 and CI 3 cells were specific 

to this pair of cell lines, the influence of cisplatin in vitro on XIAP and HIAP-2 protein 
content in another cisplatin-sensitive ovarian surface epithelial cancer cell line (A2780s) and 
its cisplatin-resistant variant (A2780cp) was studied (Figs. 30A and BOB). Interestingly, 
whereas HIAP-2 expression in both the sensitive and resistant cells was not significantly 

20 altered by the presence of the cisplatin (30 |iM; Fig. 30B), XIAP protein content was 
decreased in A2780s (as in OV2008 cells) and not significantly altered in A2780cp (as in 
CI 3 cells) in the presence of the chemothcrapeutic agent. Taken together, these data suggest 
that the apoptotic responsiveness of ovarian cancer cells to cisplatin may be related to the 
ability f the chemothcrapeutic agent to down-regulate XIAP expression and that HIAP-2 may 

25 play a minor or no role in cisplatin-induced apoptosis. 

To determine if XIAP expression is indeed the an important determinant in chemo- 
resistance in human ovarian surface epithelial cancer, the influence of cisplatin on XIAP 
protein content and apoptosis in OV2008 cells following adenoviral XIAP sense infection 
was investigated. While cisplatin reduced XIAP protein content in OV2008 cells infected 

30 with the empty vector (Figs. 3 1 C and 3 1 D, vector plus cisplatin), overexpression of the 
protein with adenoviral sense XJ AP cDNA 48 hrs prior to treatment with the 
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chemotherapeulic agent in vitro attenuated the cispiatin effects not only on XIAP protein 
expression (Pigs. 31 C and 31D) but also apoptotic nuclear fragmentation (Fig. 31 A, "d" 
compared to "c") and number of apoptotic cells (Fig, 31 B), suggesting that XIAP may be an 
important element in human ovarian epithelial cancer chemoresi stance. 



carcinoma and thus of clinical relevance, XIAP and HlAP-2 were immunlocalized in human 
ovarian surface epithelial tumors obtained as pathological samples from patients during 

1 0 surgical debulking, using polyclonal antibodies (rabbii polyclonal anti-XIAP and HL\P-2 
antibodies were prepared by immunization with human XIAP and HIAP-2 GST fusion 
protein) against human XIAP and HIAP-2, respectively (Figs. 32C and 32D, respectively). 
In addition, in situ TUNEL (described in Gavrieli ei aL J. Cell. Biol. 1 19: 493-501, 1992) 
and immunohislochemisiry for PCNA (proliferating cell nuclear antigen: an auxiliar\' protein 

1 5 of DNA polymerase a highly expressed as the Gl/S inlcq^hase) were perfonned to examine 
if and how the expression of these lAPs relates to epithelial cell apoptosis and /or 
proliferation. Ovarian epithelial tumors exhibited considerable cellular heterogeneity (Fig. 
32A) and PCNA positive cells were evident throughout the nucleus in the tumor section (Fig. 
32B). In general, most of the cells were TUNEL negative (Fig. 32A), and the expression of 

20 XIAP and HLAP-2 was highly correlaied to the proliferative state of the cells and inversely 
related to epithelial cell death. XIAP and HIAP-2 immunoreaclivity (Figs. 32C and 32D, 
respectively) specifically localized in the cytoplasm or the perinuclear region was highest in 
proliferatively active cells (PCNA positive) and was low or absent in apoptotic cells (TUNEL 
positive) occasionally found in the tumor specimens. 

25 EXAMPLE 16: ADDITIONAL CANCER THERAPIES 

Given the increased proliferation rate of cancer cells, it is preferable in anti-cancer 
therapeutic regimes to initiate treatment with an anti -cancer agent that will successfully 
inhibit the growth of the particular cancer of interest. One method to detect such an agent is 
30 to excise proliferative cells from the cancer of interest, and determine the level of expression 



The in vitro studies with ovarian epithelial cancer cell lines strongly suggest an 
important role of lAPs, panicularly of XIAP, in the control of apoptosis and tumor 
progression in human ovarian cancer. To determine if indeed lAPs are expressed in ovarian 
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and/or level of biological activity of each individual lAP or NAIP polypeptide, and compare 
these levels to the levels of these polypeptide in a similar cell type from an unaffected 
individual. For example, if an human female individual has breast cancer (or a neoplasm 
suspected of being cancerous), cells from the cancer collected, for example, during a biopsy 
5 of the cancer, can be isolated and. if necessary, propagated in culture. The cells can then be 
analyzed for level of expression and/or level of biological activity of all of the lAP and NAIP 
polypeptides in the cell. The expression levels and/or biological activity levels of these 
polypeptides from the proliferating cells can be compared to the levels of expression and/or 
biological activity of these polypeptides from nonnal, healthy cells from a human female 

10 individual. Preferably, the comparison Is made between on affected {i.e., abnonnally 
proliferating) and healthy cells of the same individual ie.<^., cells taken from healthy breast 
tissue from the individual being tested. The level of expression and/or biological activity of 
each polypeptide in the affected cells is compared to its counierpan in the healthy cells. Any 
increase in any (or all) of the lAP or NAIP polypeptides is detected. The cancer is then 

1 5 treated with a compound that decreases expression level or biological activity level of each 
particular elevated lAP or NAIP polypeptide. Methods for identifying such compounds are 
described above (see, e.g.. Example 14). 

It will be understood that the individual undergoing such analysis and treatment may 
have already received treatment with an anti-cancer therapeutic agent. It will also be 

20 understood that, in addition to targeting the levels of expression and/or biological activities of 
I AP and NAIP polypeptides, the anti -cancer compounds may also target these levels for other 
apoptosis-inhibiiing polypeptides, such as BCL-2. For example, an individual with breast 
cancer v^'hose proliferating cells have an increased level of XIAP compared to the level of 
XIAP in healthy breast cells may be treated with a compound {e.g., cisplatin) plus a 

25 compound that targets another lAP polypeptide, or that targets an NAIP polypeptide or a 
non-related apoptosis-inhibiting polypeptide, such as BCL-2). 

One rapid method to detemiine expression levels of lAP and NAIP polypeptides is an 
ELISA assay using antibodies that specifically binds each of these polypeptides. Other 
methods include quantitative PCR and the various apoptosis assays described herein. 
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EXAMPLE 17: ASSIGNMENT OF XIAP. HIAP-U AND HIAP-2 TO 
CHROMOSOMES X025 AND 11022-23 BY FLUORESCENCE IN SITU 
HYPRIDIZATION (FlgH) 

Fluorescence in situ hybridization (FISH) was used lo identify ihe chromosomal 
5 locaiionofXIAP, HlAP-1 andHlAP-2. 

A total of 101 meiaphasc spreads were examined wiiii ihc XIAP probe, as described 
above. Symmetrical fluorescent signals on either one or both homologs of chromosome 
Xq25 were observed in 74% of the cells analyzed. Following staining with HIAP-l and 
HlAP-2 probes, 56 cells were analyzed and doublet signals in the region 1 lq22-23 were 
10 obser\/ed in 83% of cells examined. The XI.AP gene was mapped lo Xq25 while the HIAP-l 
and HIAP-2 genes were mapped at the border of 1 lq22 and 1 lq23 bands. 

These experiments confinned the location of the XIAP gene on chromosome Xq25. 
No highly consistent chromosomal abnormalities involving band Xq25 have been reported so 
far in any malignancies. However, deletion? within this region are associated with a number 
1 5 of immune system defects including X-linkcd lymphoproliferaiive disease (Wu et ai. 
Genomics 17:163-170, 1993). 

Cytogenetic abnormalilics orband 1 lq23 have been identified in more than 50% of 
infant leukemias regardless of the phenotype (Martinez-Climel et aL, Leukaemia 9; 1299- 
1 304, 1 995). Reairangements of the MLL Gene (mixed lineage leukemia or myeloid 
20 lymphoid leukemia; Ziemiivvan der Poel et ai, Proc. Natl. Acad. Sci. USA 88: 10735- 

10739, 1991) have been detected in 80% of cases with 1 l q23 translocation, however patients 
whose rearrangements clearly involved regions other than the MLL gene were also reported 
(Kobayashi et ai. Blood 82: 547-551, 1993). Thus, the lAP genes may follow the BCL-2 
paradigm, and would therefore play an important role in cancer transformation. 

25 Incorporation bv Reference 

The following documents and all the references referred to herein are incorporated by 
reference: U.S.S.N. 08/51 1,485, Hied August 4, 1995; U.S.S.N. 08/576,956, filed December 
22, 1995; PCT/IB96/01022, filed August 5, 1 996; U.S.S.N. 60/01 7,354, filed April 26, 1996; 
U.S.S.N. 60/030,931, filed November 15, 1996; U.S.S.N. 60/030,590, filed November 14, 
30 1996; U.S.P.N. 5,576,208, issued November 19, 1996; and PCT Application No. 
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1 B97/00142, filed January 17. 1997 claiming priority from UK 9601 108.5, filed January 19, 
1996. 



Other EmbQdimenis 

In other embodiments, ihc invention includes use of any protein which is substantially 
5 identical to a mammalian lAP polypeptides (Figs. 1-6: SEQ ID Nos: 3-14); such homologs 
include other substantially pure naiurally-occurring mammalian lAP proteins as well as 
allelic variants; natural mutants; induced mutants; DNA sequences which encode proteins 
and also hybridize to the lAP DNA sequences of Figs. 1-6 (SEQ ID NOS: 3-14) under high 
stringency conditions or, less preferably, under low stringency conditions (e.g., washing at 
10 2X SSC ai 40*'C with a probe length of ai least 40 nucleotides); and proteins specifically 
bound by antisera directed to a lAJ^ polypeptide. The tenn also includes chimeric 
polypeptides that include a lAP ponion. 

The invention further includes use of analogs of any naturally-occurring lAP 
polypeptide. .Ajialogs can differ from the naturally-occurring lAP protein by amino acid 
1 5 sequence differences, by post-translational modifications, or by both. Analogs of the 
invention will generally exhibit at least 85%. more preferably 00%, and most preferably 
95% or even 99% identity with all or pan of a naturally occumng lAP amino acid sequence. 
The length of sequence comparison is at least 15 amino acid residues, preferably at least 25 
amino acid residues, and more preferably more than 35 amino acid residues. Modifications 
20 include in vivo and in vitro chemical derivatizaiion of polypeptides, e.g., acetylation, 
carboxylation, phosphor\'lation, or glycosylation; such modifications may occur during 
polypeptide synthesis or processing or following treatment with isolated modifying enzymes. 
Analogs can also differ from the naturally-occurring lAP polypeptide by alterations in 
primary sequence. These include genetic variants, both natural and induced (for example, 
25 resulting from random mutagenesis by irradiation or exposure to elhanemethylsulfate or by 
site-specific mutagenesis as described in Sambrook, Fritsch and Manialis, Molecular 
Cloning: A Laboratory Manual . 2nd ed.. CSH Press, 1989, or Ausubcl a al., supra). Also 
included are cyclized peptides, molecules, and analogs which contain residues other than L- 
amino acids, e.g., D-amino acids or nonnaturally occurring or synthetic amino acids, e.g., B 
30 or y amino acids. In addition to full-length polypeptides, the invention also includes lAP 
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polypeptide fragments. As used herein, the temi 'Tragmenl.*' means al least 20 contiguous 
amino acids, preferably at least 30 contiguous amino acids, more preferably at least 50 
contiguous amino acids, and most preferably at least 60 to 80 or more contiguous amino 
acids. Fragments of lAP polypeptides can be generated by methods known to those skilled in 

5 the art or may result from normal proicin processing (e.g.. removal of amino acids from the 
nascent polypeptide that are not required for biological activity or removal of amino acids by 
alternative mRNA splicing or altemaiivc protein processing events). 

Preferable fragments or analogs used according to the methods of the invention are 
those which facilitate specific detection of an lAP nucleic acid or amino acid sequence in a 

10 sample to be diagnosed. Particularly useful LAP fragments for this puipose include, without 
limitation, the amino acid fragments sjiown in Table 2. 

The methods of the invention may use antibodies prepared by a variety of methods. 
For example, the LAP or NAIP polypeptide, or antigenic fragments thereof, can be ^ 
administered to an animal in order to induce the production of polyclonal antibodies. 

1 5 Alternatively, antibodies used as described herein may be monoclonal antibodies, v^'hich are 
prepared using hybridoma teclinology (see, e.g., Kohler ei al.. Nature 256: 495-497, 1975; 
Kohler et ai, Eur. J. Immunol. 6: 511-519, 1976; Kohler ef ciL, Eur. J. Immunol. 6: 292-295, 
1 976; Hammerling et al.. In Monoclonal Antibodies and T Cell Hvbridomas . Elsevier, NY, 
1981; Harlow and Lane, Antibodies: A Laboratory Manual . Cold Spring Harbor Laboratory, 

20 Cold Spring Harbor, NY, 1988). The invention features use of antibodies that specifically 
bind human or murine I AP or NAIP polypeptides, or fragments thereof In particular the 
invention features ^'neutralizing" antibodies. By "neutralizing" antibodies is meant 
antibodies that interfere with any of the biological activities of lAP or NAIP polypeptides, 
particularly the ability of lAPs to inhibit apoptosis. The neutralizing antibody may reduce 

25 the ability of lAP polypeptides to inhibit polypeptides by, preferably 50%, more preferably 
by 70%, and most preferably by 90% or more. Any standard assay of apoptosis, including 
those described herein, by those incorporated by reference and those in the art, may be used 
to assess neutralizing antibodies. 

In addition to intact monoclonal and polyclonal anti-lAP antibodies, the invention 

30 features use of various genetically engineered antibodies, humanized antibodies, and 

antibody fragments, including F(ab')2, Fab', Fab, Fv and sFv fragments. Antibodies can be 
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humanized by methods known in Iheart, e.g., monoclonal antibodies with a desired binding 
specificity can be commercially humanized (Scotgene. Scotland; Oxford Molecular, Palo 
Alto, CA). Fully human antibodies, such as those expressed in transgenic animals, are also 
features of the invention (Green ei al.. Nature Genetics 7:13>2K 1994). 

5 Ladner (U.S. Patent Nos. 4,946 J7S and 4 J04,692) describes methods for preparing 

single polypeptide chain antibodies. Ward et al. (Nature 341: 544-546, 1989) describe the 
preparation of heavy chain variable domains, which they term ''single domain antibodies," 
which have high amigen-binding affmities. McCaffeny ei ai (Nature 348: 552-554, 1990) 
show that complete antibody V domains can be displayed on the surface of fd bacteriophage, 

1 0 that the phage bind specifically to antigen, and that rare phage (one in a million) can be 
isolated after affinity chromatography. Boss et ai (U.S. Patent No. 4,816,397) describe 
various methods for producing immunoglobulins, and immunologically functional fragments 
thereof, which include at least the variable domains of the heavy and light chain in "a single 
host cell. Cabilly et ai (U.S. Patent No. 4,816,567) describe methods for preparing chimeric 

15 aniibodves. 
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SEQUENCE LISTING 

11) GENERAL INFORMATION 
(i) APPLICANT; University of Ottawa 



(ii) TITLE OF THE INVENTION: 



DETECTION AND MODULATION OF 
lAPS AND NAIP FOR THE DIAGNOSIS 
AND TREATMENT OF PROLIFERATIVE 
DISEASE 



(iii. I WMBER OF SEQUENCES: 17 

(iv^ CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Clark & Elbing LLP 

(3) STREET: 176 Federal Street 

(C) CITY: Boston 

iD) STATS: MA 

{£) COUNTRY: USA 

(F) ZIP: 02110 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2-0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/--- 

(B) FILING DATE: 13 -FEE -1998 

(C) CLASSIFICATION: 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/800,929 

(B) FILING DATE: 13-FEB-1997 

(C) CLASSIFICATION: 
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(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAI'iE: Bieker-Brady , Kristina 

(B) REGISTRATION NUMBER; 35,109 

(C} REFERENCE /DOCKET NUMBER: 07 6 91/ 00 9W02 

(ix> TELECOMMUNICATION INFORt^LATION : 

(A) TELEPHONE: 617-428-0200 

(B) TELEFAX: 617-428-7045 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERIS'riCS: 

(A) LENGTH: 46 amino acids 

(B) TYPE: amino acid 

(C) STRAJCDEDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(D) OTHER INFORMATION: Xaa at positions 2, 3, 4. 5, 
6, 1. 9, 10, 11. 17, 18, 19, 20, 21, 23, 25, 30, 31, 32, 34, 35, 
38, 39, 40, 41, 42, and 4 5 may be any amino acid. Xaa at position 
8 is Glu or Asp. Xaa at positions 14 & 22 is Val or lie. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Glu Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Lys Xaa Cys Met 

15 10 15 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Phe Xaa Pro Cys Gly His Xaa Xaa Xaa 

20 25 30 

Cys Xaa Xaa Cys Ala Xaa Xaa Xaa Xaa Xaa Cys Pro Xaa Cys 
35 40 45 



(2) INFORMATION FOR SEQ ID NO: 2: 
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(i) SEQUENCE CHARACTERISTICS; 
vA) LENGTH: 63 amino r.cids 

:E) TYPE: amino acid 

iC) STRAWDEDNESS : single 

ID} TOPOLOGY: linear 

lii) MOLECULE TYPE: protein 

iv) FRAGMENT TYPE: internal 

{ ix ) FEATURE : 

{D) OTHER INFORMATION: Xaa at positions 1, 2, 3, 
6. 9, 10, 14. 15, 18. IS. 20. 21. 24, 30. 32. 32. 35, 37, 40. 
42, 43, 44, 45, 46, 47, 49. 5C , SI, 53. 54. 55, 55, 57, 59. 60. 
61, 62, 64 and 66 may be any amino acid. V.aa at positions 13, 16 and 
17 may be any amino acid or may be absent. 

(;-:i) SEQUENCE DESCRIPTIOK" : SEO ID NO: 2: 

Xaa Xaa Xaa Arc Leu Xaa Thr Phe Xaa Xaa Trp Pre Xaa Xaa Xaa Xaa 

1 5' 10 15 

Xaa Xaa xaa Xaa Xaa Leu Ala Xaa Ala Gly Phe Tyr Tyr Xaa Gly Xaa 

20 25 30 

Xaa Asp Xaa Val xaa Cys Phe Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Trp 

35 40 45 

Xaa Xaa Xaa Asp Xaa Xaa Xaa Xaa Xaa His Xaa Xaa Xaa Xaa Pro Xaa 

50 55 60 

Cys Xaa Phe Val 
65 

(2 J INFORMATION FOR SSQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5232 base pairs 

(B) TYPE: nucleic acid 
iC) STPvANDEDNESS : single 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GAA.'^-GGTGG ACAAGTCCTA TTTTCAAGAG AAGATGACTT TTAACAGTTT TGAAGGATCT 60 

AAAACTTGTG TACCTGCAGA CATCAATAAG CAAGAAGAAT TTGTAGAAGA GTTTAATAGA 12 0 

TTAAAAACTT TTGCTAATTT TCCAAGTGGT AGTCCTGTTT CAGCATCAAC ACTGGCACGA 180 

GCAGGGTTTC TTTATACTGG TGAAGGAGAT ACCGTGCGGT GCTTTAGTTG TCATGCAGCT 24 0 

GTAGATAGAT GGCAATATGG AGACTCAGCA GTTGGAAGAC ACAGGAAAGT ATCCCCAAAT 3 00 

TGCAGATTTA TCAACGGCTT TTATCTTGAA AATAGTGCCA CGCAGTCTAC AAATTCTGGT 360 

ATCCAGAATG GTCAGTACAA AGTTGAAAAC TATCTGGGAA GCAGAGATCA TTTTGCCTTA 420 

GACAGGCCAT CTGAGACACA TGCAGACTAT CTTTTGAGAA CTGGGCAGGT TGTAGATATA 4 80 

TCAGACACCA TATACCCGAG GA_r^XCCTGCC ATGTATAGTG i^AGAAGCTAG ATTAAAGTCC 54 0 

TTTCAGAACT GGCCAGACTA TGCTCACCTA ACCCCAAGAG AGTTAGCAAG TGCTGGACTC ' 600 

TACTACACAG GTATTGGTGA CCAAGTGCAG TGCTTTTGTT GTGGTGGAAA ACTGAAAAAT 660 

TGGGAACCTT GTGATCGTGC CTGGTCAGAA CACAGGCGAC ACTTTCCTAA TTGCTTCTTT 72 0 

GTTTTGGGCC GGAATCTTAA TATTCGAAGT GAATCTGATG CTGTGAGTTC TGATAGGAAT 7 80 

7TCCCAAATT C.^CAAATCT TCC;^^GAAAT CCATCCATGG CAGATTATGA AGCACGGATC 84 0 

TTTACTTTTG GGACATGGAT ATACTCAGTT AACAAGGAGC AGCTTGCAAG AGCTGGATTT 900 

TATGCTTTAG GTGAAGGTGA TAAAG7AAAG TGCTTTCACT GTGGAGGAGG GCTAACTGAT 960 

TGGAAGCCCA GTGAAGACCC TTGGGAACAA CATGCTAAAT GGTATCCAGG GTGCAAATAT 1020 

CTGTTAGAAC AGAAGGGACA AGAATATATA AACAATATTC ATTTAACTCA TTCACTTGAG 1080 

GAGTGTCTGG TAAGAACTAC TGAGAAAACA CCATCACTAA CTAGAAGAAT TGATGATACC 114 0 

ATCTTCCAAA ATCCTATGGT ACAAGAAGCT ATACGAATGG GGTTCAGTTT CAAGGACATT 1200 

AAGAAAATAA TGGAGGAAAA AATTCAGATA TCTGGGAGCA ACTATAAATC ACTTGAGGTT 1260 

CTGGTTGCAG ATCTAGTGAA TGCTCAGAAA GACAGTATGC AAGATGAGTC AAGTCAGACT 1320 

TCATTACAGA AAGAGATTAG TACTGAAGAG CAGCTAAGGC GCCTGCAAGA GGAGAAGCTT 13 80 

TGCAAAATCT GTATGGATAG AAATATTGCT ATCGTTTTTG TTCCTTGTGG ACATCTAGTC ^144 0 

ACTTGTAAAC AATGTGCTGA AGCAGTTGAC AAGTGTCCCA TGTGCTACAC AGTCATTACT 1500 

TTCAAGCAAA AAATTTTTAT GTCTTAATCT AACTCTATAG TAGGCATGTT ATGTTGTTCT 1560 

TATTACCCTG ATTGriATGTG TGATGTGAAC TGACTTTAAG TAATCAGGAT TGAATTCCAT 1620 

TAGCATTTGC TACCAAGTAG GAAAAAAAAT GTACATGGCA GTGTTTTAGT TGGCAATATA 1680 

ATCTTTGAAT TTCTTGATTT TTCAGGGTAT TAGCTGTATT ATCCATTTTT TTTACTGTTA 174 0 

TTTAATTGAA ACCATAGACT AAGAA.TAAGA AGCATCATAC TATAACTGAA CACAATGTGT 1800 

ATTCATAGTA TACTGATTTA ATTTCTAAGT GTAAGTGAAT TAATCATCTG GATTTTTTAT I860 

TCTTTTCAGA TAGGCTTAAC AAATGGAGCT TTCTGTATAT AAATGTGGAG ATTAGAGTTA 1920 

ATCTCCCCAA TCACATAATT TGTTTTGTGT GAAAAAGGAA TAAATTGTTC CATGCTGGTG 1980 
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GAAAGATAGA GATTGTTTTT AGAGGTTGGT TGTTGTGTTT TAGGATTCTG TCCATTTTCT 204 0 

TTTAAAGTTA TAAACACGTA CTTGTGCGAA TT.-.TTTTTTT A.V^GTGATTT GCCATTTTTG 2100 

AAAGCGTATT TAATGATAGA ATACTATCGA GCCAACA7GT ACTGACATGG AAAGATGTCA 2160 

AAGATATGTT AAGTGTAAAA TGCAAGTGGC AAAACACTAT GTATAGTCTG AGCCAGATCA 222 0 

AAGTATGTAT GTTTTTAATA TGCATAGAAC AAAAGATTTG GAAAGATATA CACCAAACTG 2280 

TTAAATGTGG TTTCTCTTCG GGGAGGGGGG GATTGGGGGA GGGGCCCCAG AGGGGTTTTA 234 0 

TAGGGGCCTT TTCACTTTCT ACTTTTTTCA TTTTGTTCTG TTCGAATTTT TTATAAGTAT 2 4 00 

GTATTACTTT TGTA.ZVTCAGA ATTTTTAGAA AGTATTTTGC TGATTTAAAG GCTTAGGCAT 24 60 

GTTCAAACGC CTGCAAAACT ACTTATCACT CAGCTTTAGT TTTTCTAATC CAAGAAGGCA 2520 

GGGCAGTTAA CCTTTTTGGT GCCAATGTGA AATGTAAATG ATTTTATGTT TTTCCTGCTT 2580 

TGTGGATGAA AAATATTTCT GAGTGGTAGT TTTTTGACAG GTAGACCATG TCTTATCTTG 2 64 0 

TTTCAAAJi.TA AGTATTTCTG ATTTTGTAAA ATGAAATATA AAATATGTCT CAGATCTTCC 27 00 

AATTAATTAG TAJ^GGATTCA TCCTTAATCC TTGCTAGTTT .^-AGCCTGCCT AAGTCACTTT 2760 

ACTAAAAGAT CTTTGTTAAC TCAGTATTTT AAACATCTGT CAGCTTATGT AGGTAAAAGT 282 0 

AGAAGCATGT TTGTACACTG CTTGTAGTTA TAGTGACAGC TTTCCATGTT GAGATTCTCA 2880 

TATCATCTTG TATCTTAAAG TTTCATGTGA GTTTTTACCG TTAGGATGAT TAAGATGTAT 2940 

ATAGGACAAA ATGTTAAGTC TTTCCTCTAC CTACATTTGT TTTCTTGGCT AGTA^-.TAGTA 3 000 

GTAGATACTT CTGAAATAAA TGTTCTCTCA AGATCCTTAA kACCTCTVGG AAATTATAAA 3 060 

AATATTGGCA AGAAAAGAAG AATAGTTGTT TAAATATTTT TTAAAAAACA CTTGAATAAG 3120 

AATCAGTAGG GTATAAACTA GAAGTTTAAA AATGCCTCAT AGAACGTCCA GGGTTTACAT 3180 

TACAAGATTC TCACAACAAA CCCATTGTAG AGGTGAGTAA GGCATGTTAC TACAGAGGAA 3240 

AGTTTGAGAG TAAAACTCTA AAAAATTATA TTTTTGTTGT ACTTTCTAAG AGAAJvGAGTA 3 3 00 

TTGTTATGTT CTCCTAACTT CTGTTGATTA CTACTTTAAG TGATATTCAT TTAAAACATT 33 60 

GCAAATTTAT TTTATTTATT TAATTTTCTT TTTGAGATGG AGTCTTGCTT GTCACCCAGG 342 0 

CTGGAGTGCA GTGGAGTGAT CTCTGCTCAC TGCAACCTCC GCCTTCTGGG TTCAAGCGAT 3480 

TCTCGTGCCT CAGCTTCCTG AGTAGCTGGA ATTACAGGCA GGTGCCACCA TGCCCGACTA 354 0 

ATTTTTTTTT ATTTTTAGTA GAGACGGGGT TTCACCATGT TGGCCAGGCT GGTATCAAAC 3600 

TCCTGACCTC AAGAGATCCA CTCGCCTTGC CCTCCCAAAG TGCTGGGATT ACAGGCTTGA *3 660 

GCCACCACGC CCGGCTAAAA CATTGCAAAT TTAAATGAGA CTTTTAAAAA TTA-AATAATG 3 72 0 

ACTGCCCTGT TTCTGTTTTA GTATGTAAAT CCTCAGTTCT TCACCTTTGC ACTGTCTGCC 37 80 

ACTTAGTTTG GTTATATAGT CATTAACTTG PATTTGCTCT GTATAGTCTA GACTTTAAAT 384 0 

TTAAAGTTTT CTACAAGGGG AGAAAAGTGT TAAAATTTTT AAAATATGTT TTCCAGGACA 3900 

CTTCACTTCC AAGTCAGGTA GGTAGTTCAA TCTAGTTGTT AGCCAAGGAC TCAAGGACTG 396 0 

AATTGTTTTA ACATAAGGCT TTTCCTGTTC TGGGAGCCGC ACTTCATTAA AATTCTTCTA 4 02 0 

AAACTTGTAT GTTTAGAGTT AAGCAAGACT TTTTTTCTTC CTCTCCATGA GTTGTGAAAT 4080 

TTAATGCACA ACGCTGATGT GGCTAACAAG TTTATTTTA/i. GAATTGTTTA GAAATGCTGT 414 0 

TGCTTCAGGT TCTTAAAATC ACTCAGCACT CCAACTTCTA ATCAAATTTT TGGAGACTTA 42 00 
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ACAGCATTTG TCTGTGTTTG AACTATAAAA AGCACCCGAT CTTTTCCATC TAATTCCGCA 4 260 

AAAATTGATC ATTTGCAAAG TCAAAACTAT AGCCATATCC AAATCTTTTC CCCCTCCCAA 4320 

GAGTTCTCAG TGTCTACATG TAGACTATTC CTTTTCTGTA TAAAGTTCAC TCTAGGATTT 4 3 80 

CAAGTCACCA CTTATTTTAC ATTTTAGTCA TGCAAAGATT CA.AGTAGTTT TGCAATAAGT 444 0 

5 ACTTATCTTT ATTTGTAATA ATTTAGTCTG CTGATCAAAA GCATTGTCTT AATTTTTGAG 4 5 00 

AACTGGTTTT AGCATTTACA AACTAAATTC CAGTTAATTA ATTAATAGCT TTATATTGCC 4560 

TTTCCTGCTA CATTTGGTTT TTTCCCCTGT CCCTTTGATT ACGGGCTAAG GTAGGGTAAG 4620 

AXXGGGTGTA GTGAGTGTAT ATAATGTGAT TTGGCCCTGT GTATTATGAT ATTTTGTTAT 4680 

TTTTGTTGTT ATATTATTTA CATTTCAGTA GTTGTTTTTT GTGTTTCCAT TTTAGGGGAT 474 0 

10 AAAATTTGTA TTTTGAACTA TGAATGGAGA CTACCGCCCC AGCATTAGTT TCACATGATA 4 800 

TACCCTTTAA ACCCGAATCA TTGTTTTATT TCCTGATTAC ACAGGTGTTG AATGGGGAAA 4 860 

GGGGCTAGTA TATCAGTAGG ATATACTATG GGATGTATAT ATATCATTGC TGTTAGAGAJ\ 4 920 

ATGAAATAAA ATGGGGCTGG GCTCAGTGGC TCACGCCTGT AATCCCAGCA CTTTGGGAGG 4 980 

CTGAGGCAGG TGGATCACGA GGTCAGGAGA TCGAGACCAT CCTGGCTAAC ACGGTGAAAC 504 0 

15 CCCGTCTCTA CTAAAAAACA GAAAATTAGC CGGGCGTGGT GGCGGGCGCC TGTAGTCCCA 5100 

GCTACTCGGG AGGCTGAGGC AGGAG.AATGG TGTGA,i^CCCG GGAGGCAGAG CTTGCAGTGA 5160 

GCCGAGATCT CGCCACTGCA CTCCACCCTG GGCAACAGAG CAP.GACTCTG TCTCAAAAAA 5220 

AAAAAJVAAJiA AG 5232 

(2) INFORr^ATION FOR SEQ ID NO : 4 : 

20 (i) SEQUENCE CHARACTERISTICS: 

lA) LENGTH: 497 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Met Thr Phe Asn Ser Phe Glu G}y Ser Lys Thr Cys Val Pro Ala Asp 

15 10 15 

lie Asn Lys Glu Glu Glu Phe Val Glu Glu Phe Asn Arg Leu Lys Thr 
30 20 25 30 

Phe Ala Asn Phe Pro Ser Gly Ser Pro Val Ser Ala Ser Thr Leu Ala 
35 40 45 



▼ 
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Arg Ala Gly Phe Leu Tyr Thr Gly Glu G.ly Asp Thr Val Arg Cys Phe 

50 55 60 

Ser Cys His Ala Ala Val Asp Arg Trp Gin Tyr Gly Asp Sei: Ala Val 
65 70 75 80 

Gly Arg His Arg Lys Val Ser Pro Asn Cys Arg Phe lie Asn Gly Phe 

85 90 95 

Tyr Leu Glu Asn Ser Ala Thr Gin Ser Thr Asn Ser Gly lie Gin Asn 

100 105 110 

Gly Gin Tyr Lys Val Glu Asn Tyr Leu Gly Ser Arg Asp His Phe Ala 

115 120 125 

Leu Asp Arg Pro Ser Glu Thr His Ala Asp Tyr Leu Leu Arg Thr Gly 

130 135 140 

Gin Val Val Asp He Ser Asp Thr lie Tyr Pre Arg Asn Pro Ala Met 
145 150 155 160 

Tyr Cys Glu Glv: Ala Arg Leu Lys Ser Phe Gin Asn Trp Pro Asp Tyr 

165 170 175 

Ala His Leu Thr Pro Arg Glu Leu Ala Ser Ala Gly Leu Tyr Tyr Thr 

180 135 190 

Gly He Gly Asp Gin Val Gin Cys Phe Cys Cys Gly Gly Lys Leu Lys 

195 200 205 

Asn Trp Glu Pro Cys Asp Arg Ala Trp Ser Glu His Arg Arg His Phe 

210 215 220 

Pro Asn Cys Phe Phe Val Leu Gly Arg Asn Leu Asn lie Arg Ser Glu 
225 230 235 240 

Ser Asp Ala Val Ser Ser Asp Arg Asn Phe Pro Asn Ser Thr Asn Leu 

245 250 255 

Pro A.rg Asn Pro Ser Met Ala Asp Tyr Glu Ala Arg He Phe Thr Phe 

260 . 265 270 

Gly Thr Trp He Tyr Ser Val Asn Lys Glu Gin Leu Ala Arg Ala Gly 

275 280 285 

Phe Tyr Ala Leu Gly Glu Gly Asp Lys Val Lys Cys Phe His Cys Gly 

290 295 300 

Gly Gly Leu Thr Asp Trp Lys Pro Ser Glu Asp Pro Trp Glu Gin His 
305 310 31S 320 

Ala Lys Trp Tyr Pro Gly Cys Lys Tyr Leu Leu Glu Gin Lys Gly Gin 

325 330 335 

Glu Tyr He Asn Asn He His Leu Thr His Ser Leu Glu Glu Cys Leu 
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Val Arg Tht Thr 
355 

Thr lie Phe Gin 
370 

Ser Phe Lys Asp 
385 

Gly Ser Asn Tyr 

Ala Gin Lys Asp 
420 

Lys Giu lie Ser 
435 

Leu Cys Lys lie 
450 

Cys Gly His Leu 
465 

Cys Pro Met Cys 
Ser 



Glu Lys Thr Pro 
360 

Asn Pro Met Val 
375 

lie Lys Lys lie 
390 

Lys Ser Leu Glu 

405 

Ser Met Gin Asp 

Thr Glu Glu Gin 
440 

Cys Met Asp Arg 
455 

Val Thr Cys Lys 
470 

Tyr Thi: Vai lie 
485 
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345 

Ser Leu Thr Arg 

Gin Glu Ala lie 

380 

Met Glu Glu Lys 
395 

Val Leu Val Ala 
410 

Glu Ser Ser Gin 
425 

Leu Arg Arg Leu 

Asn He Ala He 
460 

Gin Cys Ala Glu 
475 

Thr Phe Lys Gin 
490 



350 

Arg lie Asp Asp 
365 

Arg Met Gly Phe 

He Gin He Ser 
400 

Asp Leu Val Asn 

415 

Thr Ser Leu Gin 
430 

Gin Glu Glu Lys 
445 

Val Phe Val Pro 

hi a Val Asp Lys 
480 

Lys He Phe Met 
495 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 666 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDMA 

Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TTGCTCTGTC ACCCAGTTTG GAGTGCAGTT ATGCAGTCTC ACACTGCAAG CTCTGCCTCA 60 
TGGGCTCAAG TGAACCTCCT GCCTCAGCCT CTCAAGTAGC TGGGACCACA GGCAGGTGCC 120 
ACCATGTCTG GCTAATTTTT GAGTTTCTTT GTAGAGATGG TGTTTTGCCA AGTCACCCAC 180 
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TTTGAGGCTG 


GTCTCAAACA 


cctgggctca 


AGCAATCCAT 


CTACCTCAGC 


CTCCCAAAGT 


240 


GCTGGGATTA 


CAGGAGTGAG 


ccatggcatg 


AGGCCTTGTG 


GGGTGTCTCT 


TTTAAATGAA . 


300 


AGCATrtCTCT 


GTTTACGTAT 


ttgatatg.-_a 


CGr^TATCCT 


TCCTTTCCAC 


AAAGACAAJU^ 


360 


ATTATCCTAT 


TTTTCTCAAA 


acatatgtcc 


TTTTTCTCTA 


CTTTTCATTT 


TTGTTACTTT 


420 


TGATGGACAC 


ATGTGTTACA 


TTGATTTCAC 


TTTCTCATAA 


TTCTGCTGTA 


AGAAAA-ACAA 


480 


TAGTGCCAGT 


TCAATGACAA 


ATAGCAACAG 


TCTGTTATTG 


CTAGACTGTT 


ACTGTTAGTG 


540 


GAGACTACCA 


GAACAGTCAG 


TCCCAGTGTC 


AGGGAATCAA 


AGAGAACATG 


TTCCCTCTCT 


600 


AAAGGGCACA 


GCTGCTGCTC 


AGCTTTAGCT 


gattgctgcc 


CTGCAGGACT 


ATAGGCCCAG 


660 


TGTTGCTAGA 


TCTTTTGATG 


TTTCAAGAGA 


AGCTTGGAAT 


CTAGAATGTG 


ATGGGAAGTC 


720 


TCTTACATTT 


AAACATGTTG 


GCAATTAATG 


GTAAGATTTA 


AAAATACTGT 


GGTCCAAGAA 


780 


AAAAATGGAT 


TTGGAAACTG 


GATTAAATTC 


AAATGAGGCA 


TGCAGATTAA 


TCTACAGCAT 


840 


GGTACAATGT 


GAATTTTCTG 


GTTTCTTTAA. 


TTGCACTGTA 


ATTAGGTAAG 


ATGTTAGCTT 


900 


TGGGGAAGCT 


AAGTGCAGAG 


TATGCAGAAA 


CTATTATTTT 


TGTAAGTTTT 


CTCTAAGTAT 


960 


AAA.TAAATTT 


C.2>AAATAAAA 


ATAAAAACTT 


AGT/iAAGA.AC 


TATA.2i.TGCAA 


TTCTATGTAA 


1020 


CCCAAACATA 


ATATGTCTTC 


CAGTTTGA.^^. 


CCTCTGGGTT 


ITATTTTATT 


TTATTTTATT 


1080 


TTTGAGACAG 


AGTCTTGCTG 


TGTCACCCAG 


GCTGGAGTGT 


AGTGGCACTA 


TTTCGGCCCA 


1140 


CTGCAACCTC 


CACCTCCCAG 


GCTCAAATGA 


TTCTCCTGGC 


TCAGCCTCCG 


GAGTAGCTGG 


1200 


GATTACAGGC 


GCGTACCACC 


ACACCCAGCT 


AATTTTTGTA 


TTTTTAGTAG 


7aGATGGGGTT 


1260 


TCACCATTTT 


GGCCAGGCTG 


GTTTTGAACT 


CCTGACCTCA 


AGTGATCCAC 


TTGTCTTGGC 


1320 


CTCCCAAAAT 


GCTGGGATTA 


CAGGCGTGAG 


CCACTGCACC 


AGGCAGAGGC 


CTCTGTTTTT 


1380 


TATCTCTTTT 


TGGCCTCTAC 


AGTGCCTAGT 


AAAGCACCTG 


ATACATGGTA 


AACGATCAGT 


1440 


AATTACTAGT 


ACTCTATTTT 


GGAGAAAATG 


ATTTTTTAAA 


AAGTCATTGT 


GTTCCATCCA 


1500 


TGAGTCGTTT 


GAGTTTTAAA 


ACTGTCTTTT 


TGT7TGTTTT 


TGAJ^CAGGTT 


TACAAAGGAC 


1560 


GAAAACGACT 


TCTTCTAGAT 


TTTTTTTTCA 


GTTTCTTCTA 


TAAATCAAAA. 


CATCTCAAAA 


1620 


TGGAGACCTA 


AAATCCTTAA 


AGGGACTTAG 


7CTAATC7CG 


GGAGGTAGTT 


TTGTGCATGG 


1680 


GTAAACAAAT 


TAAGTATTAA 


CTGGTGTTTT 


ACTATCCAAA 


GAATGCTAAT 


TTTATAAACA 


1740 


TGATCGAGTT 


ATATAAGGTA 


TACCATAATG 


AGTTTGATTT 


TGAATTTGAT 


TTGTGGAAAT 


1800 


AAAGGAAAAG 


TGATTCTAGC 


TGGGGCATAT 


TGTTAAAGCA 


TTTTTTTCAG 


AGTTGGCCAG 


1860 


GCAGTCTCCT 


ACTGGCACAT 


TCTCCCATTA 


TGTAGAATAG 


A.AATAGTACC 


TGTGTTTGGG 


1920 


AAAGATTTTA 


AAATGAGTGA 


CAGTTATTTC 


GAACAAAGAG 


CTAATAATCA 


ATCCACTGCA 


1980 


AATTAAAGAA 


ACATGCAGAT 


GAAAGTrrrc 


ACACATTAAA 


ATACTTCTAC 


AGTGACAAAG 


2040 


AAAAATCAAG 


AACAAAGCTT 


TTTGATATGT 


GCAACAA/iTT 


TAGAGGAAGT 


AAAAAGATAA 


2100 


ATGTGATGAT 


tggtcaaga;^. 


ATTATCCAGT 


TATTTACAAG 


GCCACTGATA 


TTTTAAACGT 


. 2160 


CCAAAAGTTT 


GTTTAAATGG 


GCTGTTACCG 


CTGAGAATGA 


TGAGGATGAG 


AATGATGGTT 


2220 


GAAGGTTACA 


TTTTAGGAAA 


TGAAGAAACT 


TAGAAAA.TTA 


ATATAAAGAC 


AGTGATGAAT 


2280 


ACAAAGAAGA 


TTTTTATAAC 


AATGTGTAAA 


ATTTTTGGCC 


AGGGAAAGGA 


ATATTGAAGT 


2340 


TAGATACAAT 


TACTTACCTT 


TGAGGGAAAT 


AATTGTTGGT 


AJXTGAGATGT 


GATGTTTCTC 


2400 
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CTGCCACCTG 


GAAACAAAGC 


ATTGAAGTCT 


GCAGTTGAAA 


AGCCCAACGT 


CTGTGAGATC 


2460 


CAGGAAACCA 


TGCTTGCAJiJi. 


CCACTGGTAA 


AAAAAAAAAA 


AAAAAAAAAA 


AAAGCCACAG 


2520 


TGACTTGCTT 


ATTGGTCATT 


GCTAGTATTA 


TCGACTCAGA 


ACCTCTTTAC 


TAATGGCTAG 


2580 


TAAATCATAA 


TTGAGAAATT 


CTGAATTTTG 


ACAAGGTCTC 


TGCTGTTGAA 


ATGGTAAATT 


2640 


TATTATTTTT 


TTTGTCATGA 


TAAATTCTGG 


TTCAAGGTAT 


GCTATCCATG 


AAATAATTTC 


2700 


TGhCCAAPJkC 


TAAATTGATG 


CAATTTGATT 


ATCCATCTTA 


GCCTACAGAT 


GGCATCTGGT 


2760 


AACTTTTGAC 


TGTTTTAAAA 


AATAAATCCA 


CTATCAGAGT 


AGATTTGATG 


TTGGCTTCAG 


2820 


AAACATTTAG 


AAAAACAAAA 


GTTCAAAAAT 


GTTTTCAGGA 


GGTGATAAGT 


TGAATAACTC 


3860 


TACAATGTTA 


GTTCTTTGAG 


GGGGACAAAA 


AATTTAAAAT 


CTTTGAAAGG 


TCTTATTTTA 


2940 


CAGCCATATC 


TAAATTATCT 


TAAGAAAATT 


TTTAACAAAG 


GGAATGT^AT 


ATATATCATG 


3000 


ATTCTGTTTT 


TCCAAAAGTA 


ACCTGAATAT 


AGCAATGAA.G 


TTCAGTTTTG 


TTATTGGTAG 


3060 


TTTGGGCAGA 


GTCTCTTTTT 


GCAGCACCTG 


TTGTCTACCA 


TAATTACAGA 


GGACATTTCC 


3120 


ATGTTCTAGC 


CAAGTATACT 


ATTAGAATAA 


AAAAACTTAA 


CATTGAGTTG 


CTTCAACAGC 


0180 


ATGAAACTGA 


GTCCAAAAGA 


CCAAATGAAC 


AAACACATTA 


ATCTCTGATT 


ATTTATTTTA 


3240 


AATAGAATAT 


TTAATTGTGT 


AAGATCTAAT 


AGTATCATTA 


TACTTAAGCA 


ATCATATTCC 


3300 


TGATGATCTA 


TGGGAAATAA 


CTATTATTTA 


ATTAATATTG 


AAACCACGTT 


TTAAGATGTG 


3360 


TTAGCCAGTC 


CTGTTACTAG 


TAAATCTCTT 


TArrroGAGA 


GAA^ATTTTAG 


ATTGTTTTGT 


3420 


TCTCCTTATT 


AGAAGGATTG 


TAGAAJ^G AAA 


AAAATGACTA 


ATTGGAGAAA 


AA.TTGGGGAT 


3480 


ATATCATATT 


TCACTGAATT 


CAAAATGTCT 


TCAGTTGTAA 


ATCTTACCAT 


TATTTTACGT 


3540 


ACCTCTAAGA 


AATAAAAGTG 


CTTCTAATTA 


AAATATGATG 


TCATTAATTA 


TGAAATACTT 


3600 


CTTGATAACA 


GAAGTTTTAA 


AJ^TAGCCATC 


TTAGAATCAG 


TGAAATATGG 


TAATGTATTA 


3660 


TTTTCCTCCT 


TTGAGTNAGG 


TCTTGTGCTT 


TTTNTTCCTG 


GCCACTAAAT 


NTCACCATNT' 


3720 


CCAAWAAGCA 


AAjaXAAJiCCT 


ATTCTGAATA 


TTTTTGCTGT 


GAA.ACACTTG 


NCAGCAGAGC 


3780 


TTTCCCNCCA 


TGNNAGAAGC 


TTCATGAGTC 


ACACATTACA 


TCTTTGGGTT 


GATTGAATGC 


3840 


CACTGAAACA 


TTTCTAGTAG 


CCTGGAGNAG 


TTGACCTACC 


TGTGGAGATG 


CCTGCCATTA 


3900 


AATGGCATCC 


TGATGGCTTA 


ATACACATCA 


CTCTTCTGTG 


NAGGGTTTTA 


ATTTTCAACA 


3960 


CAGCTTACTC 


TGTAGCATCA 


TGTTTACATT 


GTATGTATAA 


AGATTATACN 


AAGGTGCAAT 


^4020 


TGTGTATTTC 


TTCCTTAAAA 


TGTATCAGTA 


TAGGATTTAG 


AATCTCCATG 


TTGAAACTCT 


4080 


AAATGCATAG 


AAATAAAAAT 


AJiTAAAAAAT 


TTTTCATTTT 


GGCTTTTCAG 


GCTAGTATTA 


4140 


AAACTGATAA 


AAGCAAAGCC 


ATGCACAAAA 


CTACCTCCCT 


AGAGAAAGGG 


TAGTCCCTTT 


4200 


TCTTCCCCAT 


TCATTTCATT 


ATGAACATAG 


TAGAAAACAG 


CATATTCTTA 


TCAAATTTGA 


4260 


TGAAAAGCGC 


CAACACGTTT 


GAACTGAAAT 


ACGACTTGTC 


ATGTGAACTG 


TACCGAATGT 


4320 


CTACGTATTC 


CACTTTTCCT 


GCTGGGGTTC 


CTGTCTCAGA 


AJi.GGAGTCTT 


GCTCGTGCTG 


4380 


GTTTCTATTA 


CACTGGTGTG 


AATGACAAGG 


TCAAATGCTT 


■CTGTTGTGGC 


CTGATGCTGG 


4440 


ATAACTGGAA 


AAGAGGAGAC 


AGTCCTACTG 


AAAAGCATAA 


AAAGTTGTAT 


CCTAGCTGCA 


4500 


GATTCGTTCA 


GAGTCTAAAT 


TCCGTTAACA 


ACTTGGAAGC 


TACCTCTCAG 


CCTACTTTTC 


4560 


CTTCTTCAGT 


AACACATTCC 


ACACACTCAT 


TACTTCCGGG 


TACAGAAAAC 


AGTGGATATT 


4620 
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TCCGTGGCTC TTAT7CAAAC TCTCCATCA^. hTZC-Zr^-J-A •"JTCCAGA'jI'A 4 680 

TTTC7GCCTT GATGAGPJ.GT "CrrACCl-'JI" :J7'JC.A.^T3;-_". TAAC-3AA.--A.T CCCAGATTAC -i'^-iO 

7TACT7T7CA GACA7GGCCA 7TGAC7777C 7C-7CG7GAAC AGA7CTGGCA CGAGCAGGC7 4 8 00 

7TTACTACAT AGGACCTGGA GACAGAGTGG C7TGCT7TGC CTGTGGTGGA AAAT7GAGCA 4 86C 

AT7GGGAACC GAAGGAT^_AT GCTATGTCAG AACACCTGAG ACA77T7CCC AAATGCCCA7 4 920 

77A7AGAAAA 7CAGCT7CAA GACAC77CAA GA7ACACAG7 77"TAATC7G AGCA7GCAGA 4 98 0 

GACA7GCAGC CCGC77TA-AA ACA7TC7T7A AC7GGCCC7C 7AG7G7777A G77AJiTCCTG 504 0 

AGCAGC77GC AAG7GCGGG7 7777AT7A7G 7GGG7AACAG 7GA7GA7G7C AAATGC7T7T 5103 

GCTGTGA7GG 7GGAC7CAGG TG77GGGA.Vr C7GGAGA7GA TCCA7GGG77 C.SlACATGCCA 5160 

AG7GG777CC .:..AGG7G7GAG 7AC77GATAA GAA77AA.:^GG ACAGGAG77C A7CCG7CAAG 5 22 0 

T7CAAGCCAG 77ACCC7CA7 C7AG77GA-.C AGG7GC7A7: CACATCAGAC AGCCCAGGAG 52 80 

A7GAAAA7GC AGAG7CA7CA A77A7GCA77 77GAACC7GG AGAAGACCA~ 7CAGAAGA7G 534 0 

-AATCA7GAT ::AA7AC-CG7 G~GA77AA7C r7GGCG7GGA ;lA7G::GC777 AG7AGAAGCr 54 OC 

7GGTAAAACA GACAG77CAC A;:-AA;%AA7Cr 7AG::AAG73:; AGAGAA7:A7 AGAC7AG7CA 5450 

ATGA7777G7 G77AGAC77A G7GA;.TGCAG AA:iA71AAA7 AA~GGAAGAO GAGAGAGAA;^ 5520 

GAGC.--^C7GA GG AA-A.-AG/lA 7GAAA7GA'r7 7A7TA77;-J-.': C.-JGGA-^GAAT AGAA7GGGAG 55 BC 

77777GAAGA 777GAGT7G7 G7AA77GCAA r':r7:;GA7A:^ T-7A77AAG7 ~G7GGAA77A 564" 

77AATG.AACA AGA.ACA7GAT G77A77AAAC AGAAGAGA'JA 'JAGG7G777A GAAGGAAGAG 57 00 

AAC7GA7TGA 7A7GA777TA GTAAAAGGAA A7A7TGGr\G7 .:"A77G7A777 AGAAAC7C7C 5 76 0 

TGCAAGAAGG 7GAA3G7G7G 77A7A7GA3":; AT7/AT77G7 ■U'JAAGAGGAC A7AAAA7A7A 5 82 0 

77CCCACAGA AGA7G777CA 3A7C7ACCAG 7GG.-JiGAACA A77GGGGAGA C7ACAA.GAA.G 58 3C 

AAAG;^J;GA7G 7AAAG7G7G7 A7GGACAAAG AAGTG7CCA7 AG7G7T7A77 CC77GTGG7G 594G 

ATCTAG7AC7 A~GGAAAGA7 TC-73GTCC77 "777.AAG.AA-. G7G7GG7A7':^ ~'3tAGGAG7A 60 DC- 

GAA7-AAGGG 7ACAG7TrG7 ArA777G7':"7 CA^oAAGAAG AA::CAAAACA 7CG7G7AAAG 5C50 

777AGA.A77A A777A77.AA-^. 7G7A77A7A^. 7777;-^C777 7A7:C7AA77 7GGT77GC77 6120 

.AA-AA7777TA 7T7A77TACA A77CAAA.Vu% CA77G77T7G 7r;7AAGA7AT 77A7ATATG7 6180 

A7G7AA-::^GCA 7A7GAACA7A 7A~'77777AG A.-J^.CTA-AGAG .-_:';rGA7AGGG 7777G77G77 624 0 

A7GAAGGAAA AAGAGG7AGG AG7ACAAACA CAA7A77GAA -GAAAA777C AGGA77A77a 63 CO 

AAJ^77G7.A.AG 7GAAG7AAA;:. G77AAGA7A7 -7GAG7T.AP/r: r777.=uAGAA7 777AA.A7AT7 63 60 

77GGCA7TG7 AG7.=vA7AGCG GGAACATGAA GGCAGG7G7G G73G7A7G7G CGTG7AGTCC 64 20 

7GAGAGGG7G CG777AAAAA CAAA"AGA.*-7 AA_AA_ACAA_-_-. CAGCAGGGAG AGA777G7C7 654 0 

G7G77777TG A7CAG7G7GC 7A7ACA7GGA AGG7GTGCA7 A7ATG77GAA 7CACATT77A 5600 

GGGACATGG7 G77777A7AA. AGAA77G7G7 GAGAAAAJ=-A7 77.i^ATA_AAGC AAGCPJSAA.AA 6660 

.-^AAAAAAA;^. 666 9 

• : ::!FGR:-;A7i'::: ror- 'id. iz y.r .i. 
Printeci fron: Kin:c/^c 03 Tr'.CDO J?':C::?1 pacie -74- 
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;i ) SEQUEKCE CHAFvACTEP.ISTICS : 
.A) LENGTH: 6 04 ain:nc 
:3} TYPE: amino acii 
iC'i STRAfJDEDMESS : sing it 
JD) TOPCLCGY: iir.ear 

KOLSCULE TVFE : protein 

■xi; SKOUEKCE ijESCPiirr: : :;e: :d::c;:o: 

Met Asn lie ^lu Ai?n Ser lit Leu Ser Asn Leu Lys Ser 

1 S :c 15 

Aia Ag:: Thr ?he GIu Lei; Lvm Tyr Aop Leu Ser 2ys u Lei: Tyr Arc 

:;C 30 

:-:ev :/vr I'nr Tyr 7:::- r-v: : A. » " • r. : .:'f^ -lu Ar;: 

5 •; : - - 

Ser \: : A:;-^: -■. . .r^ Jj y :.r ly *:'!.: . 'y. A.?:. A.^^l Ly^ V«l 

SO 55 ^0 

Lys :.ys Fhe Cys Cyt- 31 y Leu Me. Leu Asp Asn Trp Ly? Arg Gly Asp 
65 70 7b 80 

Ser Pro Tr.r C-lu Lys His Lys Lys. Leu T/r rro :;er Cys Ar? Phe Vai 

55 55 

C.r, cur" Lei: Am ^r^er Vni Asr: As;: Lei. jli; A -a Tnr ^^er Cln Pro Ti:r 

iC'O icr IID 

?he Pr :? St;! Ser Vci Z::i H:e £fer 7hr His Ser Leu Leu Pre Gly Thr 

115 i:0 125 

3lu Am Ser G"y Tyr Pne A:c: .;;ly .-er Tyr Se'- Ak:! ^ei ?ro 5er Asn 

:k- i>: 

Pre V^. Ai^r Se;- Arc: Al.t A:;: Vii. r;:^: A^i ^ Le Arcj Se: 

143 150 155 16L- 

Ser "jyr rr::: Cy^ Pre Mg- Asn Asm A"n ;^1<;. Atv --'^ -s^ 'i'i^J^ ^'^-^ 

16S ^ I'-O 175 

Gin Thr Trp P:o Leu Thr Pr.e Leu Ser ?r:5 T::r Asr Leu Ala Ars Ala 

len 133 ISO 

Gly Phe Tyr Tyr lie GJy Pio Ziy Asp Arg Vil Aja Cys ?:ie Ala Cys 

195 20C 205 

Gly Gly Lys Leu Ser kzvi Trp Gli: I'l:. Lye Asp .-.sr^ Ala Men =er Glu 



rrin:rd frcm Xi:r:v5n J: 'll^*: :r:'-::31 page -"^''j- 
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210 215 22' 

Hi. 5 is -J Arg His Phe ?lo '^/r. irvc Phe lie Gl As:: 3-n '^eu Gin 

225 230 235 240 

Asp 7:-;r £er Arg 7yr Thi' Val Ser Asr. Leu Ser Met Gin Thr H-s Ala 

5 245 250 255 

Aia Arg ?he Lys Thr Phe ?he Asn Trp rro Ser Ser '^nl Leu Val Asn 

260 2c = 2 70 

^rc g:;: Gin Leu Aia 3er A]s y ?:\q Tyr Tyr Vsl G:y Asn Ser Asp 

27 5 2 SO 335 

10 A:;p Va: Lys 2ys Phe Tys Cy= Asp q:-/ Cly Leu Arg Cys Trp Glu Ser 

29C 295 ^iOo 

3iy Asp Asp Pro Trp 7=1 :}!:•: H . A-,: _yo Trp p-e hi:. Arg Cys Glu 

:?5 3.:e 315 320 

Tyr Lc^. :le Ai-^: Lv:- Cly 'Jlr M:: I-n- 1 It A' Veil Gin Ale 

15 lliE 335 

^•fr Ty: Pr? H:i\ L-;;: _ei.; Gii; Tt..:: l.-r ; L-?;. ifer T':r i?er A^p =e.y Trz 

1^:- 7-:= 35C 

3jy A^p l^'j Ag:-: AJ.^ Z.w cer : :le K::^ Le .; Glu Pro Gly GIj 

2E5 2^0 3 65 

20 A5:p H:s ^;e:.• ;";1;: knp Alo 1 : f:^ X-:;; Mc;- --n Trr Pro : He Asn AJ ^ 

3-:. 375 35C 

Ala v«l C^lu ;ir;t y Phe Ser Ar^ Sei Leu .'al Lys Gls-; Tiir Val Gin 

35^ 390 395 400 

Arc Lys lie Lei.; Aj^i Thr 'J-'ry Z . A-n:. Tyr Arc? _ci. Val Ai;:i Ac::; Leu 

25 4 05 415 

Val Lei: Asp Le- Leu A£:: Ali. "1;. Ar:;: 11^ Ar:: Gii. Gjii Glu Arg 

4 2 C. 2 S 4 3 0 

Gli: Ar? Aia Thr Giu Glu Ly2 Glj Ger As:: Asp Lej Leu Leu lie Arg 

ilS -14 :. 44 = 

30 :.y£ As:: Arg ^er Al- Le;.: r:;e ... r.i- L-rii Ti:: ly:: " a: lie ?rc ile 

4 r :• -i ? 5 -; ■: . 

Leu Asp ?.'^r Leu Leu T:-.r A!; % ::■ . . ....e He Asr L-lu Gi:i G.u His Asp 

465 470 475 430 

Val lie Lys Gin Lys Tiir Gl:i Tnr £er Leu Gl:i Ala Arc Glu Leu Ile 

35 485 490 4S5 

Asc Thr He Leu Val Lya Gly Ae:: Ile Ala Ala Thr Val P-e Arg As:i 

50C SOD ' 510 
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Ssr L5U 3lr: Ala Giu kla ?a3 :.=i; C^iu His Leu rhe Val Gin 

EIS 52 0 zZr-. 

31r. Asp He -ys Tyr He Pro rhr 31:: A.np Vf.: oer Asp Z^eu Pro Val 

55C 555 540 

Olu C^u G:,.n Leu Arc Ai:g Lev. Pro Glu Glu Arg Tl:r Cys Lys Val Cys 

545 550 555 560 

Met Asp Lys Glu Val Ser He V.=.i Phe :le Pro Cys G^y His Leu Val 

565 5-0 575 

Val Cys Lys Asp Cy.? Ala Pro S.er Leu .Arg Lys Cyc- i-ro l.e Cys Ara 

•3£0 5S= =90 

3f:r T;:: Tie 1;. £ Jiy Thr V^; A:^ T;-:; j-'XC: L='.; :^-:r 

::■ :::?::r::at:::: r" ::. i-5C:-- 
A. Li:;::;TH ■ ■■'■■^ c-a~- • ' 

r.' TVPil: i^ucle:;; 
; C ■ S7R.A-:3Ei:!;£Ho : 3 i nc 1 e 
:D: rjPCLOGV: linear 

■ II' cvLE TV?E; 

3e;v£::ce ie3Cii:?t:::: : iz:, ii 

:3AGca-:c::::^3 citga7ccga g"o?agcgj:^ ccgtatctcc ttgtcggcgc rcciGATrcc - to 

CGGCT-TGCG GAGG-CTCTA GGCAGGCG:?- GAGrTTCCGT GTTTGCTGCG CCCGGACTGC 12 0 

GAT7TAC;i>^C CCTGAAGAAT CTCCVTATC:' GTAT-rTTG*": Crr^TGCAG"; AA.TAJ'.A.TCCC 1£0 

ATTATGGAGA TCT-TGAAACT TTATA/^AJ;;.- /.TAIA JTIT-: AAIICTATG:^ AGTG7AATTT 24? 

TGTGrATGAA TTATATTTTr AAAACATTGA AGAGTtTTGA GAAA-~AAGGG tAGTAGAGTI' 3 00 

GATTAC7GAT ACTTTATGCT AAGCAGTAvT TTTTTGGTAG TACAJ-.TATTT TGTTAGGCGT 35C 

rTCTGAT;.--.C ACTA'J.AA^GG AC.V-.GTTTTA TrrTTGTC-ArA .A-.TTGA7T.A-. TG-TTTACAAC 4 2 0 

ATGACTGATA ATTATAGCTG AATAGTCCTT A^^^ATGATG.AA CAGGTTATTy AGTTTTTAA;.. 4 8C 

TGCAGTGTAA AA^.GTGTGCT GTOGA.A.:k":TT TATGGG7A.-.C TAAGTTTA-IG GAGAAAATAC 54 C 

CTTCAGTTGA TCAAGAATAA TAGTGGTATA C/vAA.GTTAGG ,AAG.^AAGTGA ACATGATGCT 600 

GCAGGAA-hTG G.AAACA-AATA GA^-ATGATAT TTAAC.AAAGA TAGAG7TTAC AGTTTTTGAA 66 0 

CT'rTA;.GCCA /J^TTCATTTG ACATCAACCA CTATAOCAGG CA-AGGT'lCA ACAAAGCTTG -7 2 0 
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7GGGTmTTG7\ cttcccccaa ;;p-.G7TG71'AG c-o.-^.::~aat ttp.o'jccact "v^.^gta.^.ht.-. 7sc 

CTATGATGAT AA3::TCT0T0 AArTTAGCTT TTAAATAGTG TGACCATAtC AAGGTTTTAA 64 0 

7TACTTTTGT TTArTGG.:^AT A.A--:.TGAGAT 7T7TTGGGTT G7CA7G7TA^. AGTGCT7ATA 900 

GGGA;^.GAAG CCTGCATATA ATT77TTACC TTG7GGCATA ATCAGTAATT GGTCTGTTAT 960 

5 TCAGGC77GA 7AGCTTGTAA CCAA-ATA7AA ATAAAAGGCA TAJ^TTTAGGT ATTCTA7AGT 1020 

7GGT7AGAA7 7T7GT7AA.TA TAAJkTC7C7G 7GAAA^.TCA AGGAGT7T7A ATAT7T7CAG 1080 

AAGTGCATCC ACCT77CAGG GC777A--.G7T AG7AT7;^--.C7 CAAGA77A7G AACAAATAGC 114 0 

ACT7AGG7TA CC7GAAAGAG 7TACTACAAC "C-AAJ;GAG7 7aTGTTC7A-A G'l'AGTATCTT 1200 

GGTAA^CAG AGAGA7ACrG ATCG7ACC7G AA7A7AAAC7 GAGATAAA7C CAG7AAAGAA 1260 

10 AGTG7AG7AA. A7-C7ACA7A ACAGTG7A7C AT7GAT7TC7 7T77G7GGTA .AAAATC77AG 132 0 

77CATGT3AA GAAA777GA7 GTGAA7G77T 7AGCTA7CAA ACAG7AC7GT CACC7ACTCA 13 80 

7GCAGA;^C 7GCG7CGCAA AGArT':-T7:C CA3G7CCG7': 07A7CAAAAC A7TAAGAG7A 1440 

^ica: -:-a;.-:;aa^caa a;JvAtgaag7 iso-j 



15 




::aga77 33a: 

A-7:' AA?T77:::-7r v::ggggG-'gc iseo 

A77A TArTGG7GTG AA7GACAAGG 152 0 

•:':aa a:;tag3aca"j AG7::rTA77r issc 

77rA UAA7G7GG~T 7CA3C7AGTC :74C 

3a;^:ag •:t7Tg::a::a7 7CA7Tatctc i s go 

:-.rA7AGTAGC 77377CAGT3 3TT':77AC7'J '.;A3GLT77CT GCAAACCCT:? 16 60 

20 77.^^.77 CTAG AGCAG'ITGA.A GAGA7C7C77 'JA7CGAGGA:' 7AACGCCTA3 AG7TATGCAA 192 0 

7GAG7AG7GA AGAAGG3AGA 7'-7:77AGrT ACCA7A737G G;:-A77AAG7 7TT77GTCAG 198C 

CATCAGAAT7 GG3A^3AGC7 G377777A77 A7A7AGG;.C7 7GGAGA7AGG G7AGGC7GC7 204 0 

773C77G7G3 7GG3;vA3C7C ii^rAAAGOA 7GA7G37A7G TGAGAAGAC? 2100 

GGAGG3AT77 7Z3CAACTG7 C3A7T7:-70:; .AA-.AT7:^7 IT AGAAACTC7G AGG777AGCA 2160 

25 7TTCAAA7G7 GAGCATGCAG A':AGA7GCAG 77CG/■'■^.A7GAG .AA3ATTTATG TAG73GCCAT 222 0 

C7AGTG77G3 A377GAGCC7 GAGGA3C77G CAAG7GG7GG 777T7AT7A7 G7GGG7CGCA 2 28 0 

A7GA7GA7G7 CAAA-GC777 7377G73A7G G^GG3-'7GAG G':'G7733G;^. 7C7GGA3A7G 2 34 0 

A-CGA7GGG-:- AGAACA7GGG AAGTG37773 CAA3G7G73A •J77C7TGATA CGAA7GAAAC 24 OC 

GGGAAGAG7T 73T7:iA7GAG AT7-^AAG::7A GA7A7"::7'"A ~~77Gr'7GAA GAGG7G77G7 24 50 

3(» CAAC77GAGA 7ACC;;"7G3A GAA3AAAA73 373A.:GrA'': AA77A77:A7 rryGGAGG-G 2 = 20 

GAGAAAG7r3 77CAGAAG;-.T :^':7:vr::A7:TA 7:;^A7A:AV7 737GG77AAA 7C73GG7TGG 25 80 

AAA7GGGG77 7AA7AGAGAG G73GTGAAA7 AAACAG-7TCA AAG7AAAA77 GTGACAAC7G 2640 

GAGAGAAGTA TAA_AACAGTT AATGATAT7G TGTGAGGAG7 TC77AATGCT GA-AGATGAAA 2100 

AAAGAGAAGA GGAGA_-.GGA-A AAA.3A.A3C7G AAGAAATGGC ATGAGATGAT TTG7GATTAA 2760 

35 77CGG.AAGAA CAGAA7GGG7 C7C777C;^-'.C /A^.77GACA7G TG7GC7TCC7 A7CC7GGA7A 2 820 

ATC7777AAA GGGGAATGTA A77AA7AAAC AGGAAGA73A 7A-TA77AAA GAAAAAACAG 2 8 SO 

AGATAGG777 ACAAGGGAGA g; AG7GA77C. '.7AGGA"r77"" :;G7TAAAGGA AA7GG7aC3G 2 94 0 
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CCAACATCTT CA;^AAACTGr TTGACTCTA:- ATrCTATAAC AACTTATTTG iOCO 

TGGATAAQAA TA7GA.AG7AT ATCCCAACAO AA.GA7GT7TC AGGTG7G71*A CTGGAAGAAC 3 06 0 

A_nT7GAGGAG GT7GCAAGAA GAACGAAC7T 37AAAGTGTG TATGGACAAJ^ GAAGTTTC73 312 0 

TTGTATT7A7 TCCT7GTGGT GA7CTG37AG TATGCCAGGA ATGTGCCCC7 TCTCTAAGAA 3180 

;-^ATGC7C7A7 TTGCAGGGCT ATAA.7CAA.GG G7AC7GTTCG TACAT7TC7C Tl'TTAAAGAJ^ 3 2 4 0 

AAATAGTCTA 7ATTTTAACC 7GCA.TAJ^V^A GG7C77TAJ^A A7A7TGTTGA ACACT7GAAG 33 00 

CCATCTAAAG TAAAAAGGGA ATTATGAGTT T7TCAATTAG TAACATTCAT G7TCTAGTCT 3 360 

GC77TGG7AC TA--.TAA7CTT GT7TC73AJ-jA AGA7GGrATC A7ATATT7A.A TGTTAATCTG 34 20 

7TTA7T7ACA AGGG.AAGA7T '!'A7G7TTGGT GP-^.C7A7A77 AG7A7GTATG TGTACCTAAG 34 80 

GGAGTAGTG7 GAGTGC77GT 7A7GCATCA7 TTGAGGAG7r AC'7GGAT7TC 77G7TG77TC 3 54 0 

AGAAAGCT-T GAATACTAAA T~A7AG7GTA GAA_-.AG;^J\CT GGAA.ACCAGG AACTCTGGAG .3600 

T7CA7GAGAG 77ATGG7GGC GAA7TG7GT7 7GGTGG7777 GArTTG7G77 77AAJ;ATPJiG 3660 

GATT777G7G 77A7T7G7CC GCGTAG7773 7GAGA„AACAT :'7":VA7/V-.AG 7GCT77AAA.A 3 72 0 

AoAA„AA_AAAA A„A 3 7 3 2 

i::;- : r::A7: ■ :: ■": ~k: *: :; 
• 1 ■ SE'C-JKii-:^ i:r;Af-'A77i£?' i:^'::c^ ■. 

ia; LIi!:GTH: Clt: oTTiin- £ic:d£: 

■ B ; 7VFE : a:r.i nc a c;ic: 

C; S7RA--:7E7IIE/;i" : jir^qltr 

■i:' TCPCLCGV: linear 

: >:ri.ECULE TV7E; Crete: n 
Xet H:.c. Ly:; ~hr a:.-. ;^ei ^Iri Arr: Le-.i P:.- M ■ i r-; cirr 7yr Gin 

^ I.?; 

Asn :ie :^y5 Ser 11= r-;-:. Glu A::p Jitj:. 7:-:r Lli Sei" Ai^^p Trp 7hr 

20 IE 3C 

Asn Ser Ann I.ysj Gin Lys s.T: "yr A?p ;h^: Ser Cys Oij Leu Tyr 

35 4S 

Arg Meu 7r:r Tyr c;er Thr Ph^: r : r- Alo Giy Vfil Pro V^l 3er Giu 

50 S5 eC: 

Arg J^er Lfcu Aj^j Ara a: 3 Gly I'ni- 7yr 7yr Thr Gly Val A.=r. A.sp Lys 

^5 75. ao 



rrinteci frcn". Mi:-:c?cf; JrrjIiBl page -79- 
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Vai Lvs Cys 

Asp Sci- Pre 

5 He Gin Asn 
115 

Ser Frc Met 

130 
His Sir £er 
10 i-;5 

Leu Asr; Ser 

Ty:- T.r^r Tyr 

!5 :-:y :: 

?he T, :; Tyr 

21C 

Gi/ Lys Li-.u 
20 2Z5 

Ar? Arc; H; 

leu Arc; ?h£ 

25 r-M'i Arc l:-.r 

Gin l.eu Ala 

290 
Lys Cy^? Piiir- 
30 505 

Asp Pre. Tr:: 

lie Arc Met 

35 Pro HiG Leu 
355 

Clu AGr. Al3 



?hs Cy? Cys Giy 

3 5 

lie Gl:i Lys His 
100 

Leu val Sei- Ala 

Arg Aet. £ei Phe 
135 

Leu ?he Ser Gly 
150 

Arg Ala Val 2-lu 
165 

A:^ ::er e'er I'r.v 
: .= c- 

:::r ;^e;. 

: l.e Oiy I rr Jly 

115 

£er Asn Trp ::^lu 
230 

r::ti? ?LD A;:?:; Lys 
2-i5 

Ser .'le Sev A.==:-i 
2 5C 

Phe >leM T/r Trr 

ser Ala Gly Pl:e 
255 

G.y -Vy:;^ As::- J^y 
3:.0 

Vri: Glu H::^ a:?i 
325 

Lys Gly GZn G-U 
34 0 

Leu Gl\: Gin Leu 
Asp Pre l-C: 



- "S - 
Lc'j Mer Le-j Asp Asn 

Lys Glr. Le-J Tyr Pre 
105 

Ser Leu Gly Ser Thr 
12 0 

Aia HI? Ser Leu Ser 
140 

Ser Tyr Ser Ser Leu 
155 

Ann Ilv: Ser Ser Ser 
•r.-.i A-:. Arc: v^i.e 

2 CO 

A:i:; A; ^ '.L; " Ait- "y ? 

22 G 

I'rr Lyr A:::: Ac^:: Als 
23 5 

V i -. \ \\t- LrL C! Asii: 

leu :3er iJe-: G^n Thr 

r Ser Ser v^l Pro 
232 

Tyr Tyr Val Gly Arg 
3 0(- 

.■ L^..: .-.r;: lyr rp 
315 

..y? Pre Trc- Arg 

3 3G 

?he Val Asp Giu lie 

Leu Ser Tnr Ser A:.;p 
3'5C 

Tio ri:o G":y P;-- 



Trp Lys Leu Giy 
95 

Ser Cys Ser Phe 
110 

Ser Lys Asn Thr 
125 

Pro Thr Leu Glu 

Pre Pro Asn Pro 
ISO 

Arg Ti:r Asn Pro 
175 

Leu T:;r Tyr Kiu 
ISO 

Alw Ary Al^i Gly 
205 

Phc Ala Cyn Giy 

Xet Ser Glu His 
240 

Ser Leu Glu Thr 

255 

Hl3 Aia Ala Arg 
27G 

Va: Gin Pre Glu 
285 

Ar,i: Asp Asp Val 

^.l.: Ser Gly Asc 
323 

Cys Gl.i Phe Leu 
335 

Gin Giy Arg Tyr 
350 

Tnr Thr Gly Glu 
355 

V G] u Ser Ser" 
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370 I^^n 250 

Zei' Gli: Asp Ala '.'al Mer Met: Azn 'Tr.r Vul Vfil Lys i:er Ala Leu 

555 390 3S5 430 

Glu Met Gly Phe Asr Arg Asp 1.&L! Val Lys Glii Thr Val Leu Ser Lys 

4 05 4 10 4 15 

.lie Leu Thr Thr Gly Glu Asr. Tyr Lyn T:ir V^jI Ai-r. Asp lie Val Ser 

420 42S 430 

Als Leu Leu Asr. Ala GJj Asp Glu Lys Ara Gmj 3-u Glu Lys Glu Lyn 

4:>5 • 44 0 445 

g::i /-.I::: GJu Gj ; Mti;r Alci ^-ri' A:vr- A.r;. Leu Sei LrU Tie Aic Asn 

Arg Kr!- A"^ Lrr.: i-Jit- Gl:i Gl:! :;v; . ~- 1 ?y: Tl.r LeJ A::r 

4€5 J'V 4--' 4 = 0 

Ac!i L-ru i.e.- L'.":; Alo Asi. . " :1t A;,f\ ; :i i^.i; il . i; A^;i" l.r lie 

4?r 4;":: 4 5S 

Lys G." Lys T:*.:- j::: ll-i- -'jV' L'-u j.: A_:i Ar-? j.u Leu :!e Ar:p Th;- 

5;C =Cr 51C) 

ile T:;p '.'^l -ys Gly As:: Ala /. i« Mri Asn 11c? r::e Lys Asn C\'g Lei: 

315 510 52B 

Lys Jlu lie A.5r- Ler I'hr Leu Tyr Lyc Ar=i\ L':;:u i-::o . ^1 A:vp Lys Assn 

v4^ 

^:e': Lyr lyr . ' v r rr: 7:::- 'Jli. /^^p ■.*!;. ^i-rr 3 ' y L--- ; /irr LvU Giu 3-u 

?4: zb'. z-iz ScO 

oi:: L^-u A:u: A; L;:iJ 3-:. " ' GI J Aj;:: Ihr Lyb L/:; J:'. Cy? '•let. Asp 

56 5 5"0 575 

Lys r^Ni V,=;J ?.Ttr V-^l V^;i Pre ' ' -r- 7'i"v Cys 3iy Leu Vai Cys 

5 SO 585 5-:-U 

3ln Liu lyE Aln Vrz 'S-'-V Le;: A: ^ Ly:: -y:;: pr:- A;^; Giy Ilir 

5?v :£05 

lie Ly:; 3ly T:::: Va: Ar u T::r i-'i;e _eu Sei" 

ni:; 515 

J2: IKrORMATIOM* FOF SEC 71^ HO : 9 : 

^i; 5H0UEMCE: CKARACTLKISTICS: 
• ' LENGTH: 2e?l basti pairs 
TYPE: nucleic acid 



?ri:-,te-:i fioni vi:;.:^^ ,1 - i::: :-:'::3i Oagr^ -SI- 
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JC- ST?iA:;r=:D::Ec:3- : single 
:d; TOvOLD'J'J: .^-ear 

MOLECULE TV?E : cDNA 

(xi) SECUENCE DESCRIPTIOrJ: SEC ID MO: 9: 

at7tttt;--aa t:oa: jCatt AJkc.-.TTCT;j. ac-.ttcatct ^tttttaaat actaaaaatt eo 

GAACTTTGCC TTGAATATCT AATGATTCA7 TATAACA.-.7T AT3CATAGTC TTTAATAATC 120 

73CATATTTT ATGC-^rTTT CATGTTTTTC CTA^^TTAATG ACTTCACATG TTTAATATTT 18 0 

ATAATTTTTC 73TCA7AGTT TCCATATTTA TATAAAATGA ATACTTAAGA TCAGT.AATTC 24 0 

TGGTCTG7TT G777A7A7A" 7AT"77?CA7 :AAA;wAC:\A AA7GGGArTG AG ilJTTGAGGr: 3 30 

GT7TGGTAAT G7ArGAr7C7 AC7G77TAG.K A77AAAAT0']' rj7r7TAG7TA T7GTGCCATT 54 0 

A77777ATG7 CA7C.-.C7:;G.-. 7AATATAT7A GTGG7TAG7A TCAGAAATAG TCCTTATGCT SOO 

77G7G777T0 AA.G77rCTA;.. TGC.-J^7G7TC 7'J77TC7AGA AAAGGTGGAC AAG7CCTA7T 66 0 

T7CCAGAGAA GA7GAG7T7T AACAG7777:: AAGGA/vCrAG ;^.r77T7CTA C77GCAGACA 720 

CCAAI-AAGGA TGAAGAAT7T G7AGAAG;.G7 •:-7AATAGA77 AAAAAGATT-T GCTAAC77GC 7 9C 

CAAG':'AG7AG 7CGTG77'-7A GCATCAACA^ -^raCGGGAG:- TG3G7T7G77 7A7ACGGG7G S4 0 

AAGGAGACAC 737GCAA7GT 77GAGT7G7G A7GGGGCAA7 AGA7AGA7GG GAG7ATGGAG 90 C 

AC7CAGG7G7 7'JGAAGAGAC AGGAGAATA7 .:'rCCAJvAT7'J CAGA777A7G AA7GG77777 96: 

A7T7TGA.2.A.A 7GG7GGrGGA CAGTC7ACA^ A7Cr7GG7A7 CCAA„AA7GG:: CAG7ACAAJ^.T 102 0 

C7GAAAAr7:i 7GTGGGAAA7 AGAAA-TCGT- T7GCCCCT7A :aG0C7A7G7 GAGAC7GA7G 1080 

C7GA77ATG7 G-7GAGAAr7 GGACA-::;7r7 7AGA-: A^'ITG AGA::a::::aTA 7AGC7GAGGA 114 0 

ACCG7GC-A7 G7-7AG7GAA GAAGCGA-JA7 7 ::AAG7CA77 7':AGAAGTG0 CCGGACTA7G 12 2 C 

C7CAT7TAAC rCCZAGAGAG 77AGC7AG-G GTCIGCGTGrA 17ACACAGGG GG7GA7GA7C :j5C 

AAG7GCAA7G C777TGT7G7 Gov^oGAAAA:: TGAAA;J^7TG GGAAGCC7G7 GA7CG7GGG:- 152'; 

GGTCAGAACA CAGGAGAGAC T77CGCAArT ::Z77777TG7 777GGG:GGG AAGG77AATG 13 SO 

T7CGAAG-GA A7C7GG7G7G AG77GTGA7A GGAA777CGG AAA77CAACA A.^C7C7CCAA 1440 

GAAA7CCAGC CA7GGGAGAA 7A7G.-^GCAC GGA7C377AC ~777GG.:*JvCA 7GGACATCCT 150Q 

GAG77AACA.A GGAGCAGC77 GCAAGAGC-G GA7777A7GC 777AGG7G.AA GGCGA7AJ^.G 1560 

7GAAG7GC7T CCAC7G7GGA GGAGGGC7::A CGGA77GGAA. GCCAAGTGAA GACCCC7GGG 1620 

ACCAGCATCC 7AP/G7GCTAC CCAGGG7GCA A.A7ACC7A77 GGA7GAGA.:*G aGGC.:.AGAA7 1680 

A7ATA.AA7A.A TA7TCA777A ACCCA7CGAG 77GAGGA-A7C 777GGGAAGA AC7GC7GAA; 174 0 

AAAGAGGAC? GC7AAGTAAA AAAA:'7GAT : A7AGCATG~T •':-::AGAA7CrT A7GG7GCAAG ISOO 
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AAGCTATACG AATGGGATTT AGCTTC.V-.GG ACCTT.-.AGAA AACA.-.TGGAA GAAAAAATCC 13SC 

.lAACATCCGG GAGCAGCTAT CTATCACT7G AGGTCCTGAT TGCAGA7CTT GTGAGTGCTC 192C 

AGAAAGATAA TACGGAGGAT GkG7C?J^CiTC .AAACTTCATT CCAGA>;A3AC A7TAGTACTG 198 0 

AAGAGCAGCT A.A0GCGCCTA CAAGAGGAGA AGCTTTCCAA A.-.TCTGTATG GATAGAAATA 2 04C 

5 TTGCTATCGT TTTTTTTCCT TGTGGACATC TGGCCACTTG TAAACAGTGT GCAGAAGCAG 2 ICC 

TTGACAAA.TG TCCCATGTGC TACACCGTCA TTACGTTCAA CCAAAAAATT TTTATGTCTT 216C 

AGTGGGGCAC CACAT3TTA7 GT7CT7CTT0 CTCTAATTjA AT3TGTAATG GGAGCGAACT 222 0 

TTA.AGTAAT7 CTGCATTTGC AT7CCATTAG CA7C77GCTG r'rTCCA^7G GAGACCAATG 22 SO 

CTA.:»CAGCAC TG7T7CCG7C TiiJi-;'.CA77r:A AT7TCTGGA7 C7T77GAGT7 ATCAGCTGTA 234 0 

10 T7A777AGC" AGTG7T7TAC 7CGAT7aAAA rrT7AGACAG A-nAA3::A'7T7 TATAGC7T7T 24 00 

CACA737A7A T7GG7AGTAC A:-7GA77TGA r-T-TZT A7A7G 7;^GTGAATT 7ATCACCTGC -460 

ArG7rTrATG rG777TGCA7 AAGC77AACA AATGJA::7G7 7~7G7ATAA3 CATGGAGA73 252C 

TGA7GGAAT7 7GGC7AATGA 277TAAT7GG C77A7TG7AA ACA7GGAA;.G AAC7GCCGCA 25 50 

C3CrGC7G3G AGGA7AAAGA 77G~T"77A~A 7;777AV77::: T'r~77TTAG GA77CTGCC;; 254 0 

15 A77TAC7TGJ AA'777A77GG A:;T7A7;.VrG 7-:.C77A7;:7 A7A777C-:GA A 2591 

2; TMFOFinATi':; .i'lu-Z: ID :;o : : : : 

;ii 5EQUSMCE GHARAC7S^I^:t;CS : 
' A ' '.- =:::G7H -. ~ ^r. \ r.r- a c i. 



72:P0LCGV: -inea: 
J-' :.1CLECULE TYPn: protein 

Met : r.r r::-r .--^r .. .■ . / :rr /.■ T:.. '^-i:-.. AIsi Ar-p 

25 - 5 13 

Thr Asn LvG Asp Glu Gl\: Phe V^: Glu Glu ?he A.sn Arc Leu Lys Thr 

50 25 30 

Phe Ala Asn Phe Pro Ser Ser Sev Pro Val Ser Ala Sei" 7hr Leu Ala 

35 40 45 

30 Arg Ala Giy Fhe Lei; Tyr Trr 'liiy GL;: Gly ;.np Thr 7=: Qiv; Cys Ph- 
5C £0 

Ser cys His AJc. A] a lie Asp Ar^ 7rp Tyr Gly Asp £er Ala Val 
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$5 "^0 -^5 80 

,lly Arg His Arc kvc He Sr.:: ?jo .^kt. Cys Arg Phe ile Asr. Gly Phe 

85 90 95 

Tyr Phe Glu Asn Gly Ala Ala Gin Ser 7hr Asn Pre Gly lie Gin Asn 
5 IOC 105 110 

Gly Gin Tyr Lys Ser Glu P.sn Cys \'al Qly Asn A:;? Asr. Pro Phe Ala 

115 ::c 125 

Fro Asp Arc; Pro Pre Gi\: Tr.v His Als Asp Tyr l,cj Lev. Arg Thr Gly 

15 D 13 5 14 0 

10 Gin Vai Val Asp :le Ser Asp Thr He Tyr Pro Arc Asr. Pro Ala Met 

:45 15C 155 160 

Cys Ihlu g:.;: Alct kia L^m Lys i.-: :n : ■ /-.zr, 7rp Pr:- Anp Tyr 
155 

a:^ "ic T-ev; T;-;)- J-::.- Ai y ' : J-': k. u .1 y ^c;: ':V^ 
15 I:-:- 

Gly Aia A-:p Asp Val '^Ir. Cy? Cy;- ::ys 'J.y 3ly l.ys Leu Lys 

1S5 :0C 205 

Asp. Tip 31j Pre Cys Asp Arg Aj Trr. cei Z-u His Arc Arc His Phe 

210 215 22'-; 

20 I'-ro Asr. Cys Phe Phe Val Leu Gly Ai. r: As:: Vai A.-r. Arg Ser Gl;.; 

225 23C 235 2-iO 

Ser Glv '/al Sr-v ier Asp Ar^: Asr. Fhe Pro Asn Ser Thr Asn Ser Fro 

245 250 255 

Arg A3:: Pro a: a -Aez Aj« Gli: Tyr Gi\: A. a Ara : : Thr Phe Giy 

25 ' 2 5C' 265 270 

Thr T: p T ; Ty: r^r.v .Vj A:;r^ j M \. 2^:: Leu Aln Av^ Als 3jy Phe 

-r-r. 25: lef 

Tyr Ala Le-j ■j:y 2lu l^l;- Asp Lys Vii.. Lv j C/:: Phe- Hm .ys :::y GJy 
irc 255 

30 01 y Leu T h r A s p T r p Lys P r c ■? r G . i: A s p r T i-» A a ::■ G 1 r. H i £ Ala 

305 310 31b 320 

Lys Tys Tyr Pro Gly Lys Ly-i Tyr Le\- Leu Asp Ci J lyr; Gly Gin Glu 

32 5 23G 33 5 
Tvi He Asn Asn He His Leu Thr His Pro Leu Giu GJu Ser Leu Gly 
35 34 0 34 5 Bsc- 
Arc Thr Ala 3ju Lys T.ir P: Pro L'-i. Thr Lys Ly^: lie Asp Asp Thr 
355 if^:- 



?ri:\2-^d 2 it:: :':i;v:.— ^ 
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i:e ?hs 3lr. Asr. Pro Met Va: g::i G j • ■ a: a ile Ara Met C-ly Phe Ser 

3-?0 3-5 283 

Phe Lys Asp Leu V/s Lys Thr Met Glu Gin Lys .le 3lr. Thi: Ser Gly 
385 390 595 400 

Ser i'er Tyr Leu Ser Leu C-2u Vsl Lei: He Ala Asc Leu Val Ser Ala 

405 41; 415 

Gin Lys Asp Asr: Thr GU: Asp Glu fer Ser Glr. T:::: Ser Leu Gir. Lys 

420 42 5 43 0 

Asp .1 Le S"er Thr Glu G';.n Leu Arg Arg Leu Gin Glu Giu Lvs Leu 

435 ^-iO -lis 

Ser :.yz Z '.r: Gyn Ket As:^ A: :: Ajn 7 : A. a lie Val Phe Phe Pro Cys 

■iEC 455 -liO 

^ly H..^ le-. a:3 T;ir Vyi: L.r ;:■ : " • ^ v- l Ac::. Lyu Cy^ 

•i^: 

r;-:; :;e:: .:y>; Ty: :h:: Vf.; ; ' T... : -.- j . :-. •• v;.^ y.-^i. 

455 -iSJ-: 495 

:::?crmat:c:':: ?:r sEv :r ::o:::. : 
'J sevUe::ce gharacti^r:??: : 

= A: LELGTH: 2€~^- case p«;.r.. 

= T V P E : :;u i' I e .! a : ::. 

G ?7HA!:GEGr:E^:^- : s:,:n:r ' 

.L TCrOLCGV: linear 

-j: >1CLEGGLE TVPE: uCMA 

TGGGAGTTGG CS.ZQi-.QCZZl GGAGGAAAGC AGG'JGAGGTG TGAGGAGGGG TGA3GCGGGG 6C 

AGGG'rGGGG3 GAGT^GGGTAA GGGrTAGCTG GGGAGGATTT AAAGGTATGG GGGGACGCAG 120 

GCAGAGGGGA GAGGGGAGGG GAGGGTGGGA G'TGGGGGAGA 7GAGAGG7GA TTGCTGGGGT 18 C 

TCAGAGCGTA GGAAGTGGGG TGGGGTATGA GGGTAGGAGT AAAAGGGAGG AGAAGGCATG 24 0 

GAGAAAAGTA CATGr^CAGA GAAAGAGTTG TGCrTTGCrC TG-GTGTZAT GTGAGCATGA 2C0 

AGATGGTTCA AGAGAGGGGG T7TGTAGGGA AGGTGATGP^ GAGTGGTGAG AGGTTTGAGT 36 0 

TGAAGTATGA GTTTTGGTGT GAGGTGTAGG GA7TGTGCAG G7AT7GAGGT 77TGCCAGGG 42 0 

GAGTTGGTGT GTGAGAA.AGG AGTCTGG::TG GTGCTGGC7T T7AGTACAC7 GG7GCGAATG ■ 4 30 
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ACAAGGTCAA OTGCTTCTGC TOTGGCCTGA TGCTAGACAA CT3GAA;i.CA.:v GGGGACAGTC 54 0 

CCATCGAG-^L-. GCACAGA.iJiG TTGTACCCCA GCT3CAA.CTT TGTACAGACT TTGAATCCAG 6CC 

CCA.ACAGTCT GGAAGC7AGT CCTCGGCCri CrGTTCCTTC CACGGCGA7G AGCACCATGC 56C 

CTTTGAGCTT TGCAAGTTCT GAGAATAC7G GCTATTTCAG TGGCTCTTAC TCGAGCTTTC 72 C 

5 CCTCAGACCC TG7GAACTTC CGAGCAAA.TC AAGA7TGTCC 7GC7T7GAGC ACAAGTCCCT 7SC 

ACCAC77TGC AA7GAACACA GAGAAGGCCA GAT7ACTCAC CTA7GAAACA TGGCCAT7GT 84 0 

CTTT777G7C ACCAGCAA-^.G CTCGCCAAAG CAGGCT7C7A CTACA7AGGA CC7GGAGATA 900 

GAGTGGCC7G C7T7GCGTGC GATGGGAAJiC TGAGCAAC7G GGAACGL-JiG GATGATGCTA 960 

7G7CAGAGCA CCAGAGGCA7 7TCCCCAGC7 G7CCG7TC7T AAAAGAC7TG GGTCAGTCTG 102 C 

]{} rT7rGAG;-.TA cactgtc7:t .-^.c:73agca 7gcagaga:a cg':agcc::gt a7tagaaca7 iobo 

7C7C7AACT:: GCC7':r7A3T j::ACTAC:7T:: AT~7C"AG3A AriTCGAAGT GCGGGCT77T 114 0 

ATTA7ACAGG AGAGAGTGA7 :;A7G7CAA:^" 077^7737:-^ T:^A7GGTGGG G7aAGG7GC7 1200 

:;GGAA77'rG; aga7Ga:-vv7 7::j:GGA;.r a~~"":;\:- :.; ^77T?gaag:^ 7G7gag7ac7 -.2 60 

Ir T7GAG3AGr7 A77A~C7ACG T •:AGACT:;:::- ::AG;tA3A73A 7AA7GCAGAC GCAGCAA7CG 1380 

TGCA7777G0 CCGTGGAGAA AGT7CGGAAG A7G':'rG7rA7 GA7GAGCACG GC7G7GGT7A 3 44 0 

AAGCAGCC7T GG;-J-.A7GGGG tTCAG7AGGA GC1TGG7GAG AGAGACGG7T GAGCGGCAGA 15 00 

7GCTGGCCAC 7GG7GAG.-A.C 7A:AGGA1'GG 7GAG7GACr-: GG77ATAGGG 7TAGTGGA7G 1560 

C:AGAA3A::GA GA73A3AGAG 3A3CAGA7GG AGGAGGC3GG :GAGGAG3AG GAG7GAGA7G 152 0 

20 a:::7A.:=::A3T AA^'CIXIGAAO ;^3AAAATGG 7G::77~7CGA Ar'A777GAGG TG7G7GACAC 158 0 

2A;.TGGTG7A 77G3G73G7A AG73GAAGGG CGA7CA;:7GA AGAGGAG7GG AATGCTGTGA 1-740 

AACAGAAAG3 ACAGACG77A 3AAGGAAGGA CAC7GA77GA 7AG7G7377A GCAAAAGGAA 18 00 

A3AGT3CA3C AA3GrrA777 AGA;^vG'J-G:3 TT^GGGAAA:' r'V,:C77GGG 7TA7ACAGAG 1560 

ATA7AT77GT GGAAGAGGAG A77AGGAv73 77G37AGAGA 7GA::A77GJA GGTG7AGCAA 152C 

25 7GGAAGAACA G77CGGGAAA G7GGAGGAGG AAAGAA7G7G 7AAAGTGTG7 ATGGAGCGAG 1S8G 

AGG7A7G3A7 CG73773A7T :'GG7G7GGGG AT7TGGTCGT G7GGAAA3AG 7GCGC7CCCT 2 04C 

GTG7GAGGAA GTG7C3CA7C 73TAGAGaGA G-A7GAAGG3 rACA37GCGC AGA77TGTG7 2 ICO 

GGTGAACAAG ACTAA^GGTC 7A7GGCTG3A AG77GAGC3A GGAGGAAG77 3ACTG73A37 216 J 

GGCAGGTGCA 77GGG."J^G77 GAGGCGAGGG TGGAiAGCAG GAGACACCGC CA.AACAGACA 222 0 

30 A^ATAiAAACA TGAAAAA.G77 7TG7CTGAJ;G 7CAAGAATGA A7GAA.77AGT TATATAATAA 2280 

T777A-AT7GG 777CG7TA-AA AG7GC7A77~ CITCCCA.ACT GAGA_AAA-7G TTTTG'/GTAA 234 0 

A3ATAT7TAG A7AC7AGC7G GA7G7A.AAG7 A77GA7A7AT 7CATATA77C AGA7G7GA7G 24 0 0 

AGAGAGGGT7 T7GT7C7TG7 7C37GA.^"tG CAGGGAT7GC C7GCAG7GC7 GAAA7TG7GA 24 60 

G.AAAGAT77A GA-A7G77GGC A77TA7CGT'r GAGA.A.AG7AG AATC7TG7CG CGTTGCTTTA 2S2C 

35 AGAACCGGGA G::ACAGA7G7 3GA7G7G777 7A7G7A7AGA AA:TGG7G77 ATT7A7TGGA 25BC 

7C;AGA77TTA GGGA7A7GAA A-7777ATAA AG.--A777G7G AGA.-.:i>vA37T iXA7AAJiGCAA 264 0 

CA7A.A77ACC TG77777777 TAAAGAAAAA AAAAAA 26 76 
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i2) INFORMATIOM FOR SEC IC -JO; 12; 

(i; SEOUENCi: CH.->LA.CTERI£TICS : 
;A; LEKGTK: 6 CO amino acids 
f£> TYPE: amine acaa 
'O STRAITDEEKESS: single 
(d: rcPOLCGV; linear 

XOLECVtE TYPE: protein 

'^i:. As:: .^^r ^^Ic: Als Lv:: L-i: Xert ■ y.s S-r:' Axa Asr: 

■ i IS 

Thr rne 3ij leu I-^ s ^yr Asy lys Tyr Arg :.eu Ser 

• -c 

Thr lyL ^-^cv kin >hcr ric Aro Jly '.'al rrD Vai 'Stv Z'. u A: y Ser Leu 

Aj.3 Ar-2 r-.lA 0\y ?he Ty: Ty?" Thr r:y AJ.^ Aett Asp LyE \'s.L Lys Cys 

=D 5r 

?he C.-:; Cy-; Gly Leu L^l A.::; Arm Trp :.y« ^^iy Asp S^;; Pre 

c5 7C -•■i 50 

Ker Lyi; Hi~ Ar^ ly; Liu Tyr Prr: .K-rv ^ A/n Phe Vaj Gin 

S5 5?' 95 

Leu Asn Pre a;:^ kszx ^-rr Lv'.: GI.; Al^ ?r: Ar;: r-:;-: l-cu Pro 

:C-: ii:- 

3e:- T;:: A"!^ "-i-". ^r'" . ; ; ■ :• • rr'r a; :-^.v cry G;-; As;: 

lib ::o —5 

T!i)- ^:;;:y Tyr >-ir Gly ~yi i^-jy ^;^:r ?he Pro i^sr Asc Fro Val 

13C :35 :40 

Asr, Pile Arg Ala Asr. Gin Asp C;.\7 l-i'o Ala Leu £':;r Thr Ser Pre Tyr 

145 15C 13r 160 

His Phe Als Met As:i Tr.r i'lj Lys a Arrr Lev: L*:v. Thr Tyr Glu Thr 

•e? 1-0 175 

Trp Pre- S^; i^he Lc.; iier Pre- A . Lyc Le:i Al^i Lve Aia Gly Phs 

iEO IT::- 150 

Tyr Tyr r^rr G^y r*rc Gl;. Ar;::- A:o Vi:; Al.9 ?:■■.: Pi'.± /.l ri r.a Asp Gly 
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200 2 05 

■^ys Leu Ser Asn Tr? Glu Aig Lys A£i::. A£p Ala Mer Ser Giu His Gin 

21C 215 22C 

Aig His ?hs Pro Ser Cys Pre ?he Lei; Lys Asp Leu Gly Gin Ser Ala 

22S 230 235 240 

Ser Arg Tyr Thr Val Ser Asn :.eu Ser Me- GJn Thr His Aia Ala Arc 

^•15 25C 255 

He r^.rg Thr Phe 5er Asn Trp Pro iei Ser Ala Je-j Val His Ser Glr. 

3iu Leu Ala Ser Ala Gly Phe Tyr Tyr Thr Gly His Ser Asp Asp Val 

=75 230 2E5 

Lys Cys ?h- ^■y:^ Tyc Asp -iy Ay^ ly- JU: :;er :J-y Anp 

Ir'O :?f 
Asp Tr:: V.^: a: 3 :.y;j T::, :';:;r i- :. A:y: i:y? Glu ^ yr Leu 

3:'= 510 3:5 320 

Leu Arn lie Ly;: :;ly Gin Glu Phe Va: s-r g:-: 7=1: g:k Ala GJy Tyr 

325 330 335 

Fro His Leu Leu Giu Gin Leu Leu Ser Thr Ser ~.r.p c.e:: Prn Glu Asp 
34.: 345 350 

Ai-n Al^ A=ll A:^ Ala 1 1 v.^ } :■ t y,.-^ 3:-.. ; y c^j- 5^.- 

3 5 5 3 6 0 2 5 5 

Giu .-.sz Val M-r icr T:;r I :-j V^: Lyr. Ala Aia Lei: Giu 

C 3 "5 .: =C. 

Mcz ;:y ?he i^er Arg 5e: Leu -.-^l A;^ V^r T^r :;lr. Arg 01:: lie 

= 35:^ 3?5 400 • 

Leu Tnr :^:y Glu A":: Ty?" Ar^; T;:v Vr,l c-:. Aip Leu V;il lie Gly 

•^05 -i":-:. 4 15 

Leu Leu Asp Alii Glu Asp :V. T^eV ;.r:: .: Gl.. L.:: >lei Glu Gin Aia 

42 5 430 
Ala Glu Giu Glu Glu Ser Asp Asp Leu Aia Le.; 11^ Ara Lys Asn Lys 

435 • 440 445 

Xet Va: Leu ?he Gin His Leu Thr Cys 75] Thr T'::o Hei Leu Tyr Cy? 

4SC 455 afo 

Leu Leu Sei Ala Arc Ala lie Thr G.u Gin Glu Gy.: As-n Ala Vaj Ly:; 
465 4Tr: 475 490 

Gin lys Pro His Thr Leu Gj n a: a S^-v Th: Leu "le Anp Thr V 1 Leu 
^65 J 5-0 495 
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Ala Lys Gly Asn Thr kia AJa Thr Ser ?he Arg A£5n Ser Leu Ar'g Glu 

500 ' 5C5 510 

lie Asp Fro Aia Le:i Tyr Arg Asp lie Phe Val Gin Gin Asp lie Arg 
515 S2C 525 

f Ser Leu ?ro Thr Asp As^ lie Ala A";;! Lei: Frc: r^^^t Giu Cl^s Gin Leu 
53 0 5 35 54 C 

Arg Lys Leu Gl:: 31u Glu Arg Met Cy;; Lys Vr;.". Cy:^ Men Asp Arg Glu 
545 55C 555 560 

Val Ser He V=j1 ?;-e He Pre cys Gly Hio Lev: Vol VaI Cys Lys Asp 
10 =65 =70 5"^^: 

Cyr^ A.l.i r Ary: ^y=^ Vv?- ::r '.'yr A:; ";:r il-i; Lys 

^cO ■^v:> 
3^y 7:.: V.i=: A: ? Thr ri;-? Lev: 

Fi^= 

15 :. : :::-':?:kat:::; r"? .^c: ::. '.v:-.'..:: 

:A; LEKGTH : ?::.*: b^s? ;:air«^ 

TVPE: nucleic acid 
' C : T r a: ! D ED: :Z3. -S ■. r> : g ! e 

2i» T::?c^:-Gy : .linear 

.1' :.:cLirjLH "vr-F cij::A 

Lr:-::^ :7'7: j:: ; :.l : :.j . 

AG~TA7ATAA AATACGAAG7 7T7rAAAAAM ;.;.:^l::7AG7:' ;1AA::A:;AAAA G"rT:"3C7^iA CZ' 

.-J^CAGATTCT 7AGTrATT7G AGGTAACAA^ AG;.AAGCGA7 aT7TTGAA7T GATTCGTTCT 120 

25 7;j:-.T7A7AAC AGACTTATAG 7GGAA;v3GGC C77.-AACACA r:GCGGAC777 ATAAAATGCA 180 

GTCTTAGGTT TATG7oCA.-A ATACTGTCTC T7GACCAGA7 GTA77C.\CAT GA7ATATAC;'-. 24 0 

GAC-TCAAGG7 GGTGATATAG A^-SATTT;--;-.:* AG73AGGGAG T7A>-.GAGTC7 CTGCTTTAAG 3 'JO 

CGCAGTTCCT TTACAGTGAA TACTGTAGT7 TT.-A7AGACG TGAGCTGAC7 GG7GCAGTTG 5GC 

i.TGTAACCr;^. -TT'T'^^.GAGAA 7ACTG7ATGA CATCT7C7C7 A-.GGAAP.AGC AGGTGCAGAC 4 2C 

30 7TCACTCAGT 7L'CT77CA7T 77ATAGG^AA AGGA::TAG7T CAGATGTCAT GTTTAAGTCC 4 80 

7TATAAGGGA AAAGAGCCTG AMATATGCr C7AG7ACC7A G:^CT73A7AA C7AGTAATAA 54 0 
G;^-.GTTAG7t ATGGGTAAAT AGAT::TCAGG 7TArCCAG.-^ GAG7TCA7G7 GACCCCCAA;-. . 600 
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GAGTCZTAAC TAGTGTCT7G GCAAGTGAGA CA.GATTTGTC CraTGAGGOT GTCAATTCAC 660 

CAGTCC.-JiGC AG.-J^.GACAA7 G;.J^TCrATCL• AG7CA3GTGT "TGTGGTGGA GATCTAGTGT "20 

CCAAGTGGTG AGAA.--CTTCA TCTGGA;:'.GTT T.~AGCGGTCA GAAATACTAT TACTACTCAT 7 80 

GGACAAAACT GTGTCCCAGA GACTCGGCCA AGGTACCTTA CACCAAAAA.C TTAAACGTAT 840 

AJiTGGAGAAG AGCACAATCT 7G7CA.-^7TG GACAAAGGAG AGCGA-.GA-:^^: AAATGA„:;GTT 500 

TGACT7TTCG TG7GA.^C7CT ACCGAATG7C 7ACA7A77CA GC7T7TCGCA GGGGAG7TCC 560 

7G7CTCAGAG AGGAG7C7GG 77:'G7G77GG C7777AT~;-.r ACAoGTG7:JA A7GAC.-AA.G7 1D2G 

CAAG7GC7TC 7GC7G7GGCC TGA7GT7aGA 7A^.C7GGAAA C.-AGC3GACA GTCC7G77GA 1080 

;iAAGCArAGA GAG77C7ATC CCAGC7GCAG 7777G7ACAG AC7C73C7TT CAGCCAGTC7 'll-iO 

:j::AGTr':'.?CA 7C7A;^.GA".7A 7v7r7CCT'~T ~.^A^AG7AGA 77TGrA?A77 CG7CACC7C7 1200 

GGAAJIIAGG" G3?A77rAC7 :'7AAC:tG7:; ■r7CTA::rCC7 7^-AA77C7A GAGCAG7GGA 12^0 

AGAr-r"C7CA ~-AA-JGA7GJ A:::"? ta:- 7::?7a— : Ar:A:A~AAG a-:;gc7aoa7': IZIZ 

77T7-:.TTA" ;/\k\yA::;zz'v:\ Ak-^k. vr-'.T-T'rT-: ';v:Tr;7G:-:3 :;gaaa::tga3 iaao 

:;;Jv77Gg:saa :::aa;^gga73 A7or:*A7:}7G AGAG::A":Gn agacat777c cgcac7G7cc isoc 

A7T7CTGGAA .-A.7AC77CAa A'vACAl-A-GAG -T77AG7AT.:, "^TJAAATCTA;. GTATCCAGAC 1560 

ACAr7G7GC7 CCA77GAGGA CA7777TG7A r7GGCCA777 AGTG7TCC7G 77CAGCCGGA :.6 2C 

3CAG':77G::A AG7G"7GGA7 7C7A77ACGT ::^A7C3rAA7 :ATGA7G7CA AG7GC7T770 :68C 

77G7GA7GG'7 GG^77oAGA7 G7T::GGr.;- "Z'^kZ^rz;--: -: ':773GA7A:; AAGA^GGCAA 1740 

A7GG77777A AGGTG'^3AG7 .-?A7A:-;- ■;A7-;AAGGG7 ::aOOAG777G T73A7GA3A7 ISCD 

73AACC7AGA 7A7C7TCA7C 77C77GA3GA r"7377"-::C AC77-AaA3A CCCCAGGAGA ibSC- 

AGAAAA7G77 GA"rr7A7AG ^G^CAG7GGT- 37^7777300 CC733A3AAA 377CGAAAGA i52C 

7G7C3~CA73 A73A33AC3C ::7:70377AA A30A37C773 3A;.A73GGC7 73AG7AGGAG 153C 

GCTGG7GAGA CA3ACG377C Aar337AGA7 7G7GGG3Ar7 ?.:7GAGAA77 ACAGGACCG7 ZOAl- 

CAA73ATA7- G7r7CAG7A3 ^':'^73AA7:-':- 70;kA:-A73A J A0AA3AGAA:; A33AGAAG3A 2! 00 

AAGA7A3Ar7 3AA3A3A73G lA73A:;37VA •:'r7A70A':73 AT-7G:AA':A A7AaAA7GCr 216 0 

CCT7777rAA VA3773ACAr A* 77':3'r~:'V TA7:?733A7 ;^A72T72773 AGGC2AGTG7 2220 

AA77AGAAAA 7AG3AACA73 A7A77A77AG A2A3AAAACA 2AGA7ACC37 7ACAACCAAG 22 cO 

AGA3C77A~7 3ACA7CG777 7AG72AA3G-'^ AAA7GC7GGA 3'::7-.AGA7G7 I2AA_AA.:^C7G 2S4 0 

7C7GAAGGAA A77GAC7CC;> •:077A7ArGA .AAA7T7A777 G73GAAAAGA A7ATGAAGTA 24 OC 

TATTCCA^GA GAAGAC3777 rAGG27T37G A7':'GGAA.GA3 CA377GG3GA GA77AGAAGA 24 5G 

AGAAGGAAC7 7G 2AA-S'.3TG7 G7A7GGACAG AGAG3777C7 A77G7G77CA. 77C2G7GTGa 2520 

TCA7CTAGTA GTC7GCCA3G AA7G7GC2CC 77C.7Z7AAG3 AA373CC7CA TC7GCAGGGG 2580 

GACAA.7C.AAG GGGAC7Q7G: GCA2A777G'7 C7CA7GAG7G A_AGAA7GG7C 7GAAwA3TAT7 264 0 

GTTGGACA7C AGAAGCTGT2 A3AACA;^AGA A7G.A:^CTAGT GAT77CAaCT C7TCAGCAGG 27 CO 

ACAT7G7AC7 C7CT7TCAAG A77AG7AATC T7GC7T7ATG AA3GGTAGGA TTGTA7AT"T 2760 

AAG27TAG72 TG77GCAAGG GAAG3727AT G"*7377aAG2 7AGAGGA27G TGTGTGTTCC ' 2820 
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A3AGCAGGAG TTGGGATGCT TGCTGTAT3T CCTTCAGGAC TTCTTGGATT TGGAATTTGT 28B0 

GAAAGCTT7G GATTCAGGTG ATGTGGAGCT CAGi^J^A-rCCT GAAACCAGTG GCTCTGGTAC 234 0 

TCAGTAGTTA GGGTACCCTG TGCTTGTTGG TGCTTTTCCT TTC7GGA.:i;»A TkAGGATTTT 3000 

TCTGCTACTG GTAAATATTT TCTG7TTGTG AGAAA.TATAT T,=.-AAG7G7r: CTTTTAAAGG iO60 

5 GGTGCATCAT TGTAGTG73T GCAGGGArGT ATGCAGGCAA AACACrGTGT ATATAATAAA 2120 

TAAATCTTTT T.AAAAAGTGT AAAAAAAAAA A 3151 

:2) IlIFORVATICM FOP. S2Q ID ::0:14: 

•:: -ZE^'JZim CHARACTEr::::7TC; : 
•A: L.E-:^7H; .y-Ar.r,-. ^ r 

r:7KA:;:3Ez::if;r ■ : .-^nu, -. 

.. i: ' 7:.-?CL0GV : . ilea r 

MCLEGVLE ^VT~ : :. :.:-e::: 

seoue::^! •:EHCR:r7Tci:i zV." !CC:i-;: 

15 I-'^t Asv: L.-,.'5 7Sm- S^::' GT.:! Arci "^Ki: criy G".n G!y Thr '-su Hi:? Gin 

1 5 1 = 

L-.-S L-^u I.-.—. A:- : ?e :.yr. i^^v '! : Lei: j^sr Asn Trp 7hr 

ZL r.v 10 

Lys G'u Ser g:m Lyj i'-^v A^r: P::"?: ^e:" viu :^e;^ Tyr 

20 35 -la 

A:-o 3t'J 7:.: ~\. y -iti k^v: l-.v^ rvz Art: . y 7:, 1 i r:. V3l ^er Glu 

E:- :i -v^' 

Arc Ltu Al:^ Ave A.?: :;:y P-w "'yr ry- T:ir :?.y V.il Asn Asp i-yc 

6~ TO ~S SO 

25 Val Lyz- Cys ?he Cys Cys Gly L-ev; ;-5e»: Leu A£:p A«n Trp Lys Gin Gly 
S.T 30 95 

Asp £ei: Pro V<:t: 3lu Lve riic A^a g:.*: Fhe lyr ?rf; Ser C.ys 5s r Phe 

lOE ' IIG 

7ai Gin Thr Leu Leu Sir ^] £i 3=r L:-:U ::\n ^^Jer i'r-:- 5tr Lys Aon Mc^t 

30 u= 125 

Ser Pro Val Ly.u Ser Arn Pi:e Ale-. His 3e: ?er ?r:^ Leu Glu Arg Gly 
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Gly lie His Ser Asn Leu Cys ier Ser P? - Leu A^:: Ser Arc Ala Val 
145 150 :S5 ' 160 

3\\: Asp Phe Ser Ser Arg Xec kzp Pro Cys Ser Tyr Ala Ket 5er Thr 

165 170 175 

3_j a: J Ala Arg Phe Leu Thr Tyr £er Ket Trp S-rc= :.eu Ser Phe Leu 

ISO IBS i9C 

5er ?r-> Ala Glu leu Ala Arc a:-.^ Gjv Fhe Tyr lyv lie Gly Pro Gly 

195 IOC ^05 

Aap A J a Va: Ala 'lys Ala Cys Gly Oly Lys l.ej Ser Asn Trp Clu 

31C 215 2-0 

Pro Ly53 Asi; As:: Ala :-:rr: 5er C-r: A-^ Ar^ The P:- H i ;^ ?y-? 

2jS 2i: 2'iO 

yy. -r-Mr L.r:-.: ■^-'. v. ~. 'r.y ..--rr r-'. ..: T:ir ^r? r nT: 1: -= Ser Ann 

2E-:- ' 255 
leii ^-ir y.-riz T-:r ii: s ;;f::- ^:o A; ^ i^e".: Ar^ i-hi L£:i: Tyr Trp 

::cc :7o 

I-rD ;-rc I'rc '.-ii: Cl" r:;i- : ;:l:: ; A\i i^er .^la Cly Phc: 

^75 rsc 

Tyr ^vr V.^. : Asp A-i: A.jr A-p Arc- "nl Lyr Cy" ?he lys Cys Ai^t: '^ly 

3-y leu Arc: Cyz Trp CJli; Fr:? c:>- Ayp Asp Pre- Trp He 3Iu Kis Ala 
3C5 31C 315 320 

lys Trp rh^. :■ Ar^ Ty^ r - v. leu : 1- Ar^ y.c: Lyo 3: y 31 n 

3^5 

rh-c- .3.'. Asp Jl.. ;i^ Aii ;.?v "ly •■7 n:- . i... _-u -rji;: i-\: 

i-iE :^5C- 

Ifru ^-r Tnr i;*r Asp T::r j G.y :,s:- A.s Asp Pre Thr Glu 

:^55 2-r:0 jfc5 

Thr Val -."eil His ?r.'2 C-ly Pr- 3_y Gi-J ^er S-r Lys Asp Vai V^il t-let 
37C 

Mer ier T?:r ^'rr Val Va. Lys Ai* A.U l-t- Jl- Vx:t: ^iy phe c^y ^>-g 

:i55 39C 2^5 400 

Ser Leu Val Arg Zli: Tliv Val cln Ara Glr: ll~ leu Ala Thr Gly Glu 

■JOE 4Tr. 415 

Asn Tyr Arg Thr Val As;; Asp l:e V3I £;er V^i : lev; Lev: Asn Ala Qlu 

-12: j:h 430 

A:::p ll^ Ar^ A::: :;lj GL .: U-t : y- V : A- : j.:-; -y^y Giu J^u ^1el Ala 
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435 440 445 

Set Gly P.sp Leu Ser Leu lie Aig Lys Asn ^1-9 Met Ala Leu Phe Gin 
450 455 460 

Lej 7hr His Val L-eu Pro I":e Le*: .-,sp Asr. ;.eu Leu Qlj Ala Sei- 
zes 47C 48C 
Vai He Thr Lys Gin Glu His A.sp lie Ili Arg G:.r. Lys Thr Gin He 

435 490 495 

Piro Lfcu -Gin Ala Arg Q\\: Lev: T.Jt: Asp Thr Val Leu Va] Lys G3.y Asn 

500 5C5 510 

Al3 A];^ Ala Asr ". ie PliC: Lys^ A"r: It-: I^y-i :;.v : : k A:>:> =er Thr 

515 szr- s:-5 

Leu Tyi: :^ : u A:;n -ei: '.'^l .'-I-.: :.yz yx^^ :./.: Ty:: I .e i>ro Thv 

t?c D-io 

.31u Asp :al ser ':;iy Lt- ^c;; Lr::: j..; 31:; L-:. ;,rc A-g Lei: Gin 

S'il 5 5.0 = = S 5€0 

Glu J. .. A. ^ T:::: :'y:v Ly^^ V:il .y:^ jij l^e Vol 

365 5?:. 575 

Phe ; -? Prj :yr- G-y H:s L-;u Vsl -V.-;; Ol" vlu .ys Aia Pro Ser 

5S0 r-B:- 550 

Le.; ;.- c: L,~: Tyo y:. • -Vy^ .-ly T!;;- I . - i,-/." ■ v T::i- v^tl Arc 

555 6v0 ^05 

Trr c^er 
■5 : r 

^2• I::ror^!ATT::;: stv i: :ic::: 

•:. 5Z0'CEV,ZZ character: -TjCS : 
■A LHIMGTH: 21 base pairr 
•B: TV?E: nucleii- acid 
'C; STEA27ESDT1ESS : single 
■ L ] TO PC LOGT : 1 1 r.e a r 

MCLHCULE T:?£: OLher 

seojEKGE 3EsyHi?TiD:; : sp:;. i:: 15: 

AG7GC3G3TT TTTATTA7G7 0 
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\2} IICrCRMATIOi: FOR SEQ ID ^:0:i6: 

;i} seoue:!"E ch;^acter:stich : 

'A' LEKGTH: 2S base pairs 

*£) T'/?E; nucis:c acis 

iC; STRAMDEDMES^ : ingle 

■D; 7CPC1.CGV: linear 

: L 1 1 SDLECLf IE 7V ? E : ' r. h e v 

1 :i:rORi-\;-~: fot- se-.- iz iiz::.": 

■E* I'VPE: i^n-.:r.i arid 
:■:>?:: :."GV : linear 

>:: ?Er:;E::-T ::: :: 

Met ol;: 01k l.y-: „eu lie 5^;. Ciu 'ZL:. A^p Le^i 

5 :.rj 
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What is claimed is; 

Claims 

1 . A method for enhancing apopiosis in a cell from a mammal with a proliferative 
disease, said method comprising adminisiering (o said cell a compound ihai inhibits the 

5 hioiotzical activity oi'an lAP polypeptide oi an NAIP polypepiide, said compound heing 
administered to said cell in an amount siuYicicni to enhance apopiosis in said cell. 

2. The method of claim i. u herein .said cell is prolircraiiny in said proliferaiivc 

disease. 

Tile mcihi'd of claim 1. u iicrcu; said hioioLiicai acii\ ii>' is the le\ el of expression 
10 of said polspcpude: wherein said binjogical activity i? the level of expression of an mRNA 
moleciiie encoding said polypepiidc: or wherein said hioloijical activity is an apoptosis- 
inhibiiing activit\ . 

4. The method of claim 3. wherein said jcvel of expression is measured by assaying 
the amoimi ot'said poiypcpiide present in said ceii. 

1 5 5. The- meiiiod of ciaiiii \ . w iicicin siiiJ poivpepiicie is selecicd fron: the ^roup 

consisiine of l llAP-i. m-HlAI'- ; . i l!AP>:. :n-rlIAP-:. XlAl'.and m-XIAI'. 

h. The method of rhiin: i . wjicr^-n: sni.l poiypepini.- is NAllV 

The niediod of claim 1. wlicrein said polypeptide is XI AP. 

8. The method oi" claim 1. wherein said polypeptide is HIAP-1 . 

20 9. The meihod of claim ! : wherein said polypepudo is f-il.'U^-I. 

10. The meihod of claim 1. wherein said compound is a negative regulator of an lAP 
or an NAlP-dependcm anii-apopioiic pathv.':!\ : wherein said com]iotjn{l is ii fragment of said 
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lAP polvpepiidc. said fragment ct^mprisinu a ring zmc firiiicr and having no more ihan two 
BIR domains; wherein said compound is a niicicic acid molecule encoding a ring zinc finger 
domain of said I A? polypepiide; wherein said compound is a compound that prevents 
cleavage of said lAP polypeptide or said NAIP polypeptide: wherein said compound is a 

5 purilled antibody or a fragment thereof that specifically hinds to said lAP polypeptide or said 
NAIP polypeptide: wherein said compound is j rihozyme: or wherein said compound is an 
aniisensc nucleic acid molecule have a tiucleic acid sequence that is complemeniary to the 
codini; strand of a nucleic acid sequence encoding said lAP polypeptide or said NAIP 
polypeptide. 

|n ; K The !)iethoii of ciijim *iv. v.herc!;^ >a:c! clea\aL'i.r i> decreased b\ ai least 2iy?;^ m 

said cell. 



1 2, The method ofclaim iO, wherein said antibody hinds w a BIR domain of said 
!AP pxMypepude or said NAIP polypeptide. 

13. i'he meUiod ol ciium 10. wiicrem sa:ii nucleic acid sequence encoding said lAP 
1 ."^ poiypepiirie or .said N.MP poi\ pepiii!e lias ahoui 5^)'^n or iireaier identity with the nucleotide 
sequence of SEQ NO: 3. SMQ ID NO: 5. SEO ID \0: SEQ ID NO: 9. SEQ ID NO: 1 1 . 
SEQ ID NO: 13. or the nucleic acid .sequence' of NAIP. 

The mci!)i»d ot"ci:;i:^: v.;:^-;v;:; :\\v:.<j\\>-j ":;ol^ic acid nu^iecule decvcasev 
the le\el of sa-d nucic.c acid stqueiiw cncodir.g suid lAi* poiypcpiuie or said NAIP 
20 polypeptide by at least ^0" „. said level hcuvj. measured in the cytoplasm of said cell. 

15. The method ofclaim 1'). wherein said antisense nucleic acid tnolccule is encoded 
by a virus vector. 

16. The method ofclaim 10. wherein said antisense nucleic acid iTiolcculc is encoded 
by a iransgene. 
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1 Tlie method of claim 1 . wherein said mammal is a human or a mouse. 

IS. The meihod of claim i . wherein soid prolifcraiixe disease is cancer. 

IV. The method ofciiiim iS. \vliercin said cancer i.s in a tissue selected from the 
group consisting of ovnr\*. brensi. pancreas, iyinph node. skin, blood, iung. brain. l\idney. 
5 liver, ni^sophaiyniieii! cavny. thyroid, centra] ncrv(MS6 system, prostate, colon, rectum, cervix. 
endome;nuni. and iung. 

2U. .A meiiiod for (icicciin;i a nndi; era disease o: an increased likelili(»od of saivi 
proiiU':*a!i\ e disease m a manin^ai. .saiii metiKMi comprisinii: 

ia) coniactin!: an ]AP or a NAlP nucleic acid ntolecidc thai is greater than about IS 
10 nucleotides in length with a preparation orir.ic ieic acid from a cell of said mammal, said cell 
proliferalinL! in said disease, said eel: liojn a lis.^iie: and 

ih} nicasurini: ihe amouni ol'mieieie acic; lVoni said cell ofsaici mamrnal thai 
hvhndi^'cs lo .said molecidc. an increase in the amount from said cell of said mammal relaii\'e 
to a control indicaiine a an increased jikclihoo(i of said mammal having or developing a 
1.5 proliferative disease. 

2>. fh.c method of ciami 2'*. \\herei:; saui meiiioii fia'tlicr con^prises the steps oi": 
(a» coniaciinc said motccuie wid' a prfparaiion of nucleic acid from said control. 

wlieicii": saivi cor.iri'i is a cell iVoni sa-d w^mw (.•! a second mammal, said .second mammal 

lackiiie a proliferative disease: and 
20 (h) measuring the amouni oi' iiucieie acid iVom said u^ntrol. an incrCiise in ihc amount 

oi said nueieic acid from said cell orsai(i mammal litat h>bridii:es lo said moiecuic relative to 

said amount of said nucleic acid from said control indicating; an increased likelihood of said 

mammal having or developing a proUfcraiive disease. 

22. The meihod of claim 20 oy 2 • . said meihod fin iher comprising ihc steps of: 
25 (a I providing a pair of oligonuclcoiide? having sequence identity to or being : 

complementary to a region of said lAP or said SAW nucleic acid molecule: 



wo 98/35693 



PCT/IB98/0078I 



(b) combining said pair of oligonucleoiicles wiih said niiclsic acid under conditions 
suitable for polymerase chain reaction-mediated nucicic acid amplification: and 

(c) isolaiini: said amplified nucleic acid or fragmcni thereof. 

23. The method of claini 22. wherein said amplification is carried out using a 
5 reversc-iranscripiion polymerase chain reaction. 

24. The method of claim 23. wiiei cin .s;ju1 rLA cr^c in:nsc.: :piion poiymciasc chain 
reacuon is R.-\CE. 

25. Th.c mciiiod oi'ciain'. 2". 21 . oi 22. wiicrem ^likI meiiiou provides ineasunni; said 
niiclc\- acid ha\ nvj a nucleotide .sei;ue:'..:c ihn: iias aboui 5*i"<. or greater identity with the 

10 nucieoiidc sequence of SEQ ID NO: ?. S1:0 \D NO: 5. SEQ IF) NO: 7. SEQ ID NO: 9. SEQ 
ID NO: I K .SEO TD NO: 1 ?\ or ihc nucleic acid sequence of N.MT. 

2o. T!ic mcliiod of ciaisn 20. 21. or 22. wherein s;i'.d nictiKni provides mcasuHng said 
nucicic acid h:n iiv-: <i iu:c!eo!!(.ic sca;.ic:ice iluii ImIS aboin f^'i''^ or greaier identity wiUi the 
nucieotiile .sequence of SEO 10 NO: 3. 

i5 2-^. Tile niifii^od of clam: 2!'. 2i. or 22. •.vl:5;rein ^a:d method provides measuring said 

nucleic acid having ;i nucieoiule /xctjuence iha: ii.i-, iihoxw - gr-.j:iT idemiiy wiih the 
nucleoiide seouence of SFO U) NC) r 

2S. The method of claim 20. 2 1 . or 22. wherein said method provides measuring said 
nucleic acid liavmg a nucleotide sequence that has about 5« i".. or greater identity with the 
20 nucleotide sequence of SEQ ID NO: " 

2^"). Tlie method of ciaim 2<J. 21 . or 22. Vvt.erein said method provides measunng said 
nucleic acid having a nucleotide sequence thai lias about 50" o or greater identity with the 
nucleotide sequence of NAIP. 
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30. A nieihod for delecting a pro ii feral ive disease or un increased likelihood of 

developing said disease in a mammai. iaid nictliod comprising measuring ihe level of 
bioiogicai acti\'ity of an lAP poiypepiide or a NAIP polypeptide in a sample of said mammal, 
an increase m said le\'el of said lAP poiypepiide or said NAlP polypeptide relative to a 
5 sample from a control mammai being an indication that said mammal has said disease or 
mcreased likelihood of developing said disease. 

}\. The method of claim }<\ wh^erein said sample comprises a cell that is 
proliteraiing in said dii^case frt^ni said manri;::!. said ccii \v'^'^^ a lissuc. 

32. The mcihod of claim 1 . ■A iicivni said sample from a control mammal is from 
10 said tissue, said samnic consisunc of healthy ceiU. 

33. The method of ciaim 33. wiicrci;: saiii mamniai and 5aid control mammal are ihe 

same. 

3-1. The ir.cihod of claim }i\ v. herein s.-id biological activity is the level of 
15 ex p rcss i on o f sa i ti no I y pent i d o : v. ii ere i n Sii i d b i o iog i c a 1 ac t i \- i i >• i s i ii e i e vcl o 1" e xpresfi i on o f 
an mRNA molecuic ena^iirg saui po!ypcp:idv. 'K wherein siid bioiogicai acii\ ity is an 
apopKv^is-inl'iibiiinc aciivii\ . 

3.'^. The mciiiod ofclaim wheron <::]d ie\el of expression is measured by 
assa\ ing the amount of said polypeptide presei:: m .said cell. 

20 36. The method of claim 30. wherein said polypeptide is selected from the group 

consisting of HIAP- i . m-HIAP-l . HI APO. m-HIAP-2. XlAi». and m-XIAP. 

37. The method of clain-: 30. wiierein said polypeptide is NAIP. 

3S. The method of claim 3^. wherein said poiypepiide is .\TAP. 
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39. The method of claim 30. wherein s: id polypeptide i^ HlAP-1. 

40. The method ofclaim ?(l uhcrein said polypepiide is HIAP-2. 

41 . A method for identifying a compound enhances anopiosis in an affected cell that 
IS proliferating in a proliferative disease, said method comprising exposing a cell that- 

5 ovcrexpresses an lAP polypepiide or a NA!P polypeptide jo ;i candidate compound, a 
decrciise ihc level orbioloi:ica; aci;\ ;iy olsaid polypepiide mdicaiiiig ihe presence ofa 
comj'^oinKl thaf enharices apopro.sis in saiti aTrecfed ceil t!:;*.: i< pmlifcnuiiit: in said 
proiii'eratix e (iisea>c. 

42. A method lor ideniilymi; a compound that enhances apopiosis in an affected cell 
10 that is proiiferatinLi in a proliferative disease, said method comprising the steps of: 

(a) providing a cell comprising a nucleic acid molecule encoding a lAP polypeptide 
or a nucleic aciti molecnie encoding a NAIP polypeptide, said nucleic acid molecule being 
expressed in said cell: and 

(h) comacnnL: saiii cell \v\:\\ a cnnditiaie cc^inpouru! and ir.oniioring lexel ofbiological 
1 5 aciivi;\ Oi said LAP poiypcpiide or said NAIP polypeptide \v. said cell, a decrease in the level 
ofbiological aciivi»\ of said 1A.P poiypepiicie or .^aui N'AIl' polypeptide in said cell in 
response io said candidate comp.v.in,.! relative u- a cell r."' coniactcii wiih said candidate 
compou[u! indicaiing ihc p:ese!u:e o\' :i cnmpoiirid i;:a! L'iii\i:ie'.^> apopiosis in said affected 
cell ih;ii l^ proliferating in said prolii"eran\ e di.sease. 

20 43. The mciiiod ofclaim 42. wherein said cell further expresses a p.S3 polypeptide 

associated with said proliferative disease. 

44. The method ofclaim - ■ m 42. wherein said hioiogical aciivit\- is the level of 
expression ofsaid polypeptide: v.herein .said biological activity is the level of expression of 
an niRN.A molecule encoding said polypcpddc: or wherein said biological activity is an 
25 apoptosis-inhibiimg activity. 
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45. The meihod of claim 44. wherein said level of expression is measured by 
.issayini: ihc aniounl of said polypcpirde prcsein in said cell. 

46. The method of claim 41 or 42. wherein said poK pepiide is selected from the 
group consisting of HIAP-I , m-HlAP-1. HlAP-l, m-HIAP-2. XIAP. and nvXIAP. 

5 4". Tiic mctiiod ofci.iim -ii «)r A2. '.viieiein smkI pr>iypepiuit' i.s .NAiP. 

4S. The method of ciaim 41 or 42. wherein saici poiypcpiidc is XIAP. 

40. The method of clami 4] or 42. wiierein .said poh pcpiidc is HlAP-I, 

The r.vihod «'.^:"ciaiiri - I or 42. \vherei!\ said ptdypepiide is HI.AP-2. 

5 1 . .\ nictlu'Ki for deierriiinine ihe pr(^^:nosis of ;i mamma! diaunoscd with a 
10 proliferauve disease, said lueihnd ci>mprisiui: ihc steps of; 

(ai isolaiir.u a sample- tVoi". a i:>b:uc fror.i said mammal; and 

thi dc'.c-.p.v.'.tit'.u wiieii\cr .>aid Naiv.pi-.- ai*. ir.crcascd an icvcl of hioloyical activity ol' 
an I.Ai' poiyp.'p;;ik' o; an NAIl* poiypcpiuvj rviaiivc u.' a corvirol sample, an increase in said 
icvci u\ said sample i^einu an mvik ;raon ;ha; .^aui nvunma! ha^ a p.nir prognosis. 

1 5 52. The method oi"cl;\\m 5 1 . wivcvcin said sai-siple cv^mpyiscs a cells lhai is 

pvoliferaiin^ in said proliferative disease and said conirol sample is from said tissue, said 
conivol sample ccMisisiing of healthy colls. 

5." . The meihod of claim 52. wherein said sample and said conirol sample arc from 
said n^iammai. 



20 54. The n^e'.hod of ciarji 51 . whereiV; saiii sample funher compnses a celi cxpressini; 

a p55> polypepiide as>oc»a\cd v,iih <:'^^ pr>Mi:e:jMvv viiscase. 
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55. The method of claim 51. wherein said biological aciiviiy is the level of 
expression of said polypeptide: wherein said biological uciiviiy is the level of expression of 
an mRN'A molecule encoding said polypeptide: or wherein said biological activity is an 
apoptosis-inhibiiinu activity. 

5 5(v The nR'ih()(i orci.'iim 55. u iicrcin .^.i-lI ie\ ci oi" expression is measured by 

assayini: live amonni of said poiypepnde present in said ceil. 

5". Tiic mciiiod of claim 5 1 . whcrem .said poiyjicpiKie is selected from the yroup 
consisting of HIAP-1. m-HlAP-l. HIAP-2. m-Hl.\P-2. MAP. and m-XlAP. 

5S. The method of claim 5 ! . v.'licrcin said noiypepiide is NAIP. 

10 5'*. The jr.eiiiov} oi ciaim 5 i. '.vhcrcin >aul po':ypepudc is XI AP, 

<'H.'. Tilc meihnci ofciaim 51. wiieicin ^aid polypepuue is HlAP-1. 

o ! . fhe n":eiiiod o;'e;;i:n: 5 i . v. iierei:- ^aiii poi;.pepi:de i- i II AP-2. 

tC Tlie m-dtiiod of clann 5 L v.b.crciu saui level assayed by measunnu ihe amount 
of ]AP peptide of less than 64 Ivl)ii present in said sample. 

1 5 t^."^. A nieiliocl for dciemiiniiii; ihe prognosis oI';i mammal diagnosed with a 

prolifernuvc disease, said mcihod compi isn^.i: liie sief)S of: 

la) isolating: a sample from said mamma!, said siimpic ha\ ing a nuclear fraction; and 
(b) measuring: the amount of a polypeptide thai is recoLiaized b\- an antibody that 
specifically binds an lAP polypeptide or an anlibodx' that specifically binds an NAIP 
20 polypeptide in said nuclear fraction of said sample relative an amount from a control sample, 
an increase in said jinoum from said sai^iple ^eine a:^ imiieaiion fhai said mammal has a poor 
proi-nosis. 
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64. The method of claim 63, wherein said sample is from a lissue ol'said mammal, 
said sample comprising a cell ihai is proiiferaling in said prohfcraiive disease, and said 
coniroi sample is from said lissiie. said conuol sample consisting of healthy cells. 

65. The mclhod of claim (^4. w iici ein .viid sample and said control sample are from 
r said miimmul. 

t-jO. The method of claim wiierein said hioloviicai aciiviiy is the level of 
expression of said polypeptide: wherein said biological aciiviry is the level of expression of 
nn mr<N.\ molecule encodini: said polypeptide: or wlicrein said hiological activity is an 
apopTosis-inhihiiinL' acin ity. 

1 0 o*^. The n-ietho<i of z\■^v^^ (n\ \\ iwrc)]] level oi" expression is measured by 

assayinu ilie amoum of said polypepiide prcscni in .said cell. 

6S. The mclhod i^fciaini 0.'. \\ !it.M;-i!i saic poiypcpiKle is iciected fron. liic group 
consisting ofHlAP-:. ::^i-llAi'- : . l ilA!' :. ::i-i-ilAi' :. XIAP. ^luc in-XIAP. 

69. The method of claim ()?•. wherein said polypeptide is NAIP. 

1 5 70. The method of claim o.?. wherein said polypeptide is .MAP. 

"^I . Tiie method of claim 03. wiitreiii sa:d polypeptide is HIAP-1 . 

72. The method of claim 63. wherein said polypeptide is HiAP-2. 

"3. The method of claim 63. wherein said amount is measured by immunological 
methods. 

20 "4. A method lor ircaiin;j a ni;iinniai diagnosed as iiaving a pro''f:rative diseas. said 

method comprising the steps of. 
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(a) measurinyi the amoum of an lAP or NAiP polypeplide in a fiTsl sample from a 
tissue from said mammal, said ilrst sampic comprisini: a ceil thai is proliferating in said 
proliferative disease; 

( b) measuring ihe amouni of said poiypcpiidc in a second sampic from said tissue. 
5 said sccofui sampic consisiinii oi"hcaiih>- cells; 

{CI deicctiiii: an incrc;isc m the nmour.i itTsaid nt>i> peptide in said Ursi samplcto the 
aniouv^i ofsisid poiypcpiidc )v. saiii second s-.nnpiv. inui 

Id I ireatinLi said mammai v. iiii :i compound ihai decreases the bioloiiical activity of 
.=;aid polypeplide. 

lu ^5. The method ofciaim "4. wherein said first sample and said second sampic are 

from said mammal. 

"^6. Tiic method ofckiini T4. u herein said bioideic:;; acii\ ii;. is the level of 
expression ofsaid poiypeptide: ^^T.t;rJi^ said bioiouical a^iivny is the le\el of expression of 
an mRKA nioieeule encoding: said noiypepnde: or v. herein said hioloyical activity is an 
15 apopiosis-inhibiiing Liciiviiy. 

. The n^.ctl'.od ol'viaim "^(\ whevoir. said :e\el of expression i?^ raeasnred by 
assayi;:e liiL- .imiuir:; tii said p<.Mypep-.ide preseni in said cell. 

'S. The method of claim "4. wherein said polypeptide is selected from ihc group 
consismmofHIAP-l.m-HlAP-l. HIAPO. m-HIAPO. MAP. and m-XI.^. 

20 The mc^liod ot'cUum wherein said polypeplide is NAIP. 

50. The method of claini 74. wherein said polypeplide is XIAP. 

51. Th.e method ofciaini "4. v.jjerein said p'liypep-ide is MIAP-I. 
82. The method ofciaini "^4, v. herein said polypep\ide is HL\P-2. 
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S3. Use of a compound ihai decreases ihe iiiological aciiviiy an lAP polypeptide or a 
NAIP poivpcpiide for ihe manufacture of a medicameni for the enhancement of apoptosis. 

<S4. The use of ciaim S3, wherein said bioiogical activuy is ihe level of e.xpression of 
said polvpcpudc: wherein said biolouicai aciivuy is ihc level of expression of an mRNA 
5 molecule encoding: said poivpcpiide: or whcrcir. sai{i hioloj^icas ac:i\ i!y is an apopiosis- 
inhibiiiny aciiviiy. 

S5. The use of claim S4. wherein said level of expression is measured by assaying the 
amouni of said poh pepiide prcscni m said ceil. 

T:ie uiJ of claim "^3. wiuMv^n polvpcpudc is sclccicd ironi liic ^roup 
consis-ni; HI A?- ; . m-Hl AP- i . HIA!^- 2. nviiiAP-l XIAP. and m-XlAP. 

S". The use of ciaim S3. 'A hcrcin saui poiypcplid'j is NAli\ 

Sis. T:ie us;^ iv'ciaim v. hc:v:;: :>'Apepiidc X!.-\!V 

Tiie usi of claim .S3, wherein said poiypepiitic is HlAP-l . 

00. Tiie use of ciaim S3, wherein .-^aid polyptrpiidc is HIAP-2. 

1 5 o 1 A kii for diagnosir.u v. :muvAV.:v. for il^e presence of a ])roiiferau\ e disease or an 

increased likelih.ood. of de\ clopmi: a proliferative disease, sind kit compronnsing an 
oliiionucleolide tltai h,vbridi7.e> to a nucleic :icid sequence thai en.codes an LAP polypeptide or 
a NAIP poiypepride. 

92. The kit of claim ''^l. wherein said poiypeplide is selected trom the group 
20 consisting of HIAP-I . m-MI.\P- 1. HI.\P-2. m-HlAP-2. and m-Xl.\f». 

93 The kit of claim 'M . v.aerem said polypeptide is NAIP 
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*>4. The kit of claim 91 . wherein snid po'ypcpiide is XI A?. 

95. The kit of claim 91. wherein said polypepiide is H1.-\P-1. 

^-)C). The kil of claim 91 . wherein said po ypepiidc is i4IAP-2. 

9". A iransgeiuc mamr.ia!. s;ud nian^nva! havinu -jicviucd level of biological 
5 aeiivity of :m iAP polypepiide or a NAIP polypepiide. 

OS. The traiiSL'cnic mammal of ckjim 0". wherein saiti bioloijicai aciivity is the level 
of expression of said polv pepiide: v.here:r. said h-oioLiicai actix ii;, is the level of expression 
of an niRNA moicLi::e encodicL: <:tni poiypep.iide; nr wherein siiid biological activity is an 
apopiosis-iniiibiiiiii! activiiy. 

0 The irarsLici^ic niiirriKi; ^M"ci;'iini \'. :iltl:!1j -.lid ic". of expression is 

measi::ed iy. :iss;i\"::ie ihc anioiini of s.iui jiolypcpiidc present in s.v.c celi. 

I'H). Tiie transgenic mammal of eiaim 9'. wherein said polypeptide is selected from 
the j:roi:p eonsisiine of HIAP- 1 . m-HIAP* ! . HlAPO. m-HlAP-:. XIAP. and m-XlAP. 

I'.'i. The irar..s=!er:ic mammal ofei.iim v. herein .^;iid poiypepiide is NAIP. 

5 102. The inmseenic mammal of claim wherein said polypeptide is XIAP. 

i03. The Uani^eeUK mammal of ciaim wiiercm said po'.ypcpiidc is HlAI'-l. 

lO-i. The iransuemc r.uir.mial of eianv. '7". wherein said polypepiide is HiAP-2. 
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13 S 1 7 _- 7A3A7A5G777AAC.V^A.73 OA^ 7r77C737A7A7AAA737GGAC-A77AG AG7TA 152 : 
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.-_--.-_-G-.GGC CGC.-.TAG.AACG G C G AGGGT TTAC AT 



J « i - i J-, w i G G ^ J i. i ru-i--. . A J 

31^1 TACAAGATTCTCACAACAAACCCATTGTAGAGGTGAGTAAGGCATGTTACTACAGAGGAA 
2241 AGTTTGAGAGTAAAAGTGTAAAAAATTATATTTTIGTTGTACTTTGTAAGAGAAAGAGTA 
2 3 C 1 TTGTTATGTTCTCCTA.-.CTTCTGTTG.-.TTACTACTTT.^.-r,-GATAT?CATTT.^^ 
2-361 GC.d.^^TTTATTTTATTTATTTA.HTTTTCTTTTTGAGATGGAGTCTTGCTTGTCACCCAGG 
5421 CTGGAGTGCAGTGGAGTGATGTGTGCTCACTGCAACCICCGGGTTCTGGGTTGAAGCGAT 

34?i tgtcgtgcctcagcttcctgagtagctgga;^ttacaggcaggtgcgacgatgcccgacta 
2541 atttttttttatttttagtagagacggggtttgaccatgttcgccaggctggtatcaaac 
igctgacctcaagagatcgagrcgccttgccctccgaaagtgcrgggattacaggcttga 

G CGACCAGGC ICGGCTAAAAG ATTGCAPG^TTTAAATGAGAGTTTTAAAAATTAAATAATG 
TTGAGTATGTAAATGCTCAGTTCTTCACCTTTGCACTGTCTGCC 
:AACTTGAArT?GGrCTGTATAGTCTAGACTTTAAAT 
T.-GJ:i.-.TATGTTTTCCAGGACA 



AITGGCCTGTTTCT 
.-.CTTAG 1 . GGTTr.T.-.T.-.G - G.- . 

. -*.-_-_--'.:- - 1 1 r.C. nr. ^-■jG"orJo.-.-r_"Lf-.G -GT 

TAGTTCAATCTAGTTGTTAGGCAAGGACTCAAGGACTG 
AAGGGTTTTGGTG : .CTGGGAGCCGGACTTGATTAAAATTGTTCTA 

■jr.G . _ i vr-_r«-.T 

•J T T . j: T 1 . ■ J? .-VJ-. T G C . 
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2300 
3350 
3420 
3430 
3540 
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4C20 




: : . V . -J : /^ : AAr^GTICACTCT AGGA77T 

.-. . i . . : ^ o or. . - C.-_-.G7r.G7 1 T7GGAAT.Ar.GT 
- ^.-^ . :^TTTGTAATAATTTAGTCTGCTGATGAAAAGCATTGTCTTAATTTTTGAG 
AAGTGGTTTTAGIATTTAGAAAGTAJ^ATTCCAGTTAATTAATTAATAGCTTTATATTGCG 
TTTG:TGCTACATT7GGT77777CGCC7G7CCC7T7GA7TACGGGCTAAGG7AGGG7AAG 
.--'..'♦'oG'oTGTr.'o'i -or.G - w . r. - .--.Tr_-. - G'. G ~.T7 . GGCGLT'oTGTr.TTATGr. i ATT". TGTTAT 
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.-_r_"^-. ... . .-. - o,-.-. . jr.-. .: . r.'.- ~. . -'-■^/o - i T'^.-.'^r. jZr-. . r. 

_ w _ : - . r..---. ■ — . .'^r..-. - ..r. , . w- .-, : '1 ^ _ or. _ i .'lL.-- _ - o jT o "- •orA. - 'oo ,:G.~..-v-- 

•o _-o'jL - 1 r. . _- . .-.o _-r. i r. - GT -. . oGGA. G7.- T.-- :'---TATC.--T : GCTGTT.ACAG.Ah 
.-. . G.-_-_-. . . 'J j:oo - . : ^.-^G . G7C7GAGC-7C7G7.A-.7CCCAGCAG7TTGGGAGG 
TTG.-.'-: 3G .-.G'oTG -o.-. i' -r. „■ G7 G 7.-. G.^7 C G-*-.--r C C .-.77 G 7 G G C 7 .A^-.C AG G G TG AAA C 
GGCGTGTGTAGTAAAAAACAGAAAATTAGGCGGGCGTGGTGGCGGGCGCCTGTAGTCCCA 

■ov - r.', '.J o'or/G.:* T*.:.".o-j J.-GGr.Gr..--. . GG - GTGr_-,C v CGcGr.GGCAGr.GCTTGC.^GTGA 

GGCGAoATCTGGGCA^TGGAGTGGAGGGTGGGGAAGAGAGGAAGACTGTGTCTCAAAAAA 
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3151 ATGAAACTGAGTCCAAAAGACCAAATGAACAAACACATTAATCTCTGATTATTTATTTT^ 3240 
3 241 AATAGAA?ATTTAA':T"G7GTAAGATC?AATAGTATCATTA7AC?TAAGCAArCATATTCC 3 3 CO 
3 301 TGATGATCTATGGGAAATAACrATTATTTAATTAATATTGAAACCAGGTTTTAAGATGTG 3360 
3361 ?TAGCCAGTCCTGTIACTAGT.-iL^.?CTCTT?ATTTGGAGAC%2^^^^^ 3420 
3421 TCTCCTTATT AGAAGGATTGT AGAAAG.=JL^^^^^ 3480 
3461 ATATCATATTTCACTGAATTCAAAArGTCTTCAGrTG^AAATCTTACCATTATTTTACGT 354C 
3 541 ACCTCT>AGAA.:^JA.-A.^^.G?GCT7C7A.^.TTAAA::.TAT 350C 
3£Ci CTTGATAACAGAAGTTTTAAAATAGCCATGTrAGAATCAGTGAAATATGGTAATGrATCA 3550 

3 661 7?TTCCTCCT7TGAGT::AGGTC?TG?GC7TT7T::TTCCTGGCCACTAAA:>3TCACCAT:jr 3720 
: *"! 1 CC AAiiAAGC AAA: :7AAAG:7AT7C7GAATP;77777GC7G7GAAACAC77GWCAGCAGAGC 3730 
3':'81 777C:C::CCA7GMI-:AGAAG:7T:A7GAG7CA:ACA7?ACA7C7TTGGG7TGA7TGAATGC 3 B4C 
3541 CAC:GA1ACAT7TC7AG7AGC:TGGAGKAGT7GACC7ACCTGTGGAGA7GCC7GCCAT7A 3500 
3901 AATGGCATCC7GA7GGC7TAATACACATCAC7C7TCTGTGKAGGG77TTAATTTTCAACA 3950 
3951 CAGCT7AC7C7G7AGCA7CA7GT77ACAT7GTATG7A7AAAGATTA7ACNAAGG7GCAA7 4020 
4021 TG7GTA777CT7CC77AAAA7GTA7CAG7ATAGGA77TAGAATCTCCA7G7TGAAACTC7 4030 
4081 AA-.-.7GCAT AG AJ^A7.AAA-A.7AAT AAAA-.A77777 GA7TT7G GC7T7TCAGCC7AGTA77A 4140 

4 _ 4 1 AAAC L GA -j--Af_-i.GL7i.'-_-.'o'^- _.-.T--:7.-. _.-j-_-_-.'w _ .-.C ITC 2 27.-.G.-,GAA-.GGCTaG7CCG7 1 7 4 ^ J J 



>: 3: A :: 7 3 



" J A.Ar'.7 AC GA 1T7G7 2A7G7G.AAC7GTACCGAA7GT 4^20 



4221 



^ V 



:7T7CC7GC"G GGG77C:7G7CT :AGAAAGGAGTC7TGCTCGrGC7G 4380 
F?AG7?VSE?:S1:ARAGB4 




:C7G7CA3CCTACi:77: 4550 
: Q ? T F ? 114 



4 5 c 1 C - 7 1' 7 7 GAG TAA 1 AC A'< . v. 
115 5 S V 7 H S 



=.GTGGA7A7T 4620 
:0 S G Y F 134 



u L ? s :^ ? 



? AAA. C 7 C C AG A G 'J A.A-.7 C AA.G AA 7 4 6 0 0 
H S ?. A ^: Q E F 154 



4741 77r^L;-: 
1"5 



rGG7CA77GA77:77C7G7:GCCAAGAGA7CTGGGACGAGCAGGCT 4&0 0 
?1'FLS?TDIARAGF194 



GAGTGGG 




:777G::7G7GG7GGAAAATTGAGCA 4560 
F A : G G K L S :■: 214 

G7GAGA1A7777GCCAAA7GCCCA7 4920 
1 P. H F ? K C ? F 234 
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4S3- :aca?gcagcccgct':taaaa:at-c-::aactggc:ctc:ag?gt?c:ag7taa:cc:g 5C40 

^55 H A A R ? K T F ? V ?; ? 3 £ V L V V ? E 274 

1 2 

E C 4 : AGCAGCTTGCAAGrGCGGGi:::': A7:A:GrGGGTAACAG:GArGAvG?:AAATGCTTT7 5 1 C J 
275 giASAGrVVVG:^SDDvKGFC2S4 

liJi GCTGTGATGGTGGACTCAGGTGTTGGGAArCTGGAGATGArCCArGGGrTCAACATGCCA 5160 • 
:P5 CDGGL?:C/;£SGDD?wvQHAK314 
2 .3 

51 fl AGTGGT"?CCAAGGTG7GAG?AC:T3A7AAGAA77AAAGGA:AGGAGTrCAGCCGGCAAG 5220 
315 V:?rR CEVLIFIKGQHFIRQV^^i 

3 4 

S 7 S D 3 ? G^ *5 354^ 



1 



. ~.GT . A'^ JC 

c Sir 



4 5 




7AGTCA 54 6D 
N Y R L V M 414 



:4?: A7jAT::7"G:: 

415 ~ 1 : 



1 A 

5 6 



. 7- 



E E E 



?. 454 



' - - - .-. i : i ^ ^ ^ j:;*_-.7.-'*vA-A - GGCAC "jZC. C 

^ee>:e^::7:ili?. K:i?.KAi454 



. .^.G:aA7. :CAA7C::G;A:AG7C:ACTAAC7GCCGGAArTA Sc4 0 
TCVI?:lI?SLLTAGiI474 



r7AA - GA--. C>-AGA--.CA7GA7G77A7GA^A.ACAGAJiGACACAGAC3"- G777AG.--AGCAA.GAG 5 7 C ^ 
-EvEHDV::;g}::QTS70AFE454 



z • - - r-.-. ^ . . 7-w.-.7.-.^"j.-. . . 7: .A iGA^-.AA '^GAAA7AT7G 1"AC-1CACTG7A7 . CAGAAAC7CTC 5 ; 5 0 

-^i^^ ~ 2 7 7 I L V }: G i: : A A T V ? ?: N 3 1 514 

6 7 

57 51 7g:;j:Gaag:?gaagctgtg7ta7A7:;agca777a:::gtg:aacaggacaiaaaata?a 5 sic 

< E A H A 7 L V E H L F 7 g Q D : K V : 534 
7 8 

5i21 77 



CAGi^-AGAGGl 



rGCGGAGACTACAAGAAG 5 5^C 



555 ? 7 £ D V S 7 L r V E E V I F F L Q H E 554 



r :■ - .-----.GA.A2A.7G7AJ--.M-TG : GTA7GGA1.-_A.-. AA.AG7G7G 7A7AG737-7A772C77G7GG7C 5 94 C 
555 F 7 : K V C K 7 K E 7 S : V F I ? C G H 574 

5?4 1 A7C7AG7AGTA7GCAAAGA77G7GCT:C77:777AAGAAAG7G7CC7Ar77G7AGGAG7A 600C 
5~5 - V V C F C C A ? 3 L F -F C ? : C R 3 ? 594 
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50 J 1 CAATCAAGGG:ACAGTTCG;ACA:vTCTTTCA?GAAGAAGAACCAAAACA?CG7CT^ 5060 
S?5 : K G T V R T F L S - ' 5C4 

i^il TTTAGAATTAATrTATTAAATGTAvrATAACTTTAACTTTiATGCTAArTTGGCTTCCTT 512G 

6i:: AAAA7T?TTAT:rAT:TACAACTCAAAAAACA7:G??:TGTGTAACATATGTATATArGT 6130 

6 1 E i ATCTAAACCATA7G AACATATAT77777AG AAA :t;^GAG AATGATAGGCTTTTGTTCTT 5240 

6141 ATGAACGAAAAAGAGG7AGCAC7A:;AAACACAA7A7T7AA7CAAAATT7CAGCA?TATTG SjOO 

c J ^ i - i - ---.'w 1 . . ^.-. i ^ 77 o.-.l;^ T.--_'-.C777TriA.GrA7T7 A-AATAT7 63^1' 

2 £ I 77GGCA77G7ACT.^A.7ACGG GGAA.l A7G.^_AGCGAGG7GTGG7GGTATGTGCCTG7AGTCC 5420 

c;i 1 CAGGCTGAGGCAAGAGAA7TAC77:AGCCCAGGAGT77GAA?GCA7CCTGGGCAGCATAC 54 30 

64E1 TGAGACCCTGCC7TTAAAAACAAACAGAACAAAAACAAAACACCAGGGACACATTTCTCT 6540 

6541 GTGT7TT7TGA7CAGTGTGC7A7A:A7CGAAGG7GTGCATATATG?TGAATCACA7T?TA 5c CO 

f : 1 1 GGGACATGG7 GTT77TAT.-^AAGAA.7T G7G7GAG.-AAAwAAT7TAJiTAAJiGCA_ACCAAJi^^^^ 5560 
6551 AAAAAAAAA 555? 
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SEC 107- I GAGCGCCCG(^Ct^3ATCCGAGCCC:^GCGGGCC:TATCrCC7TGT^^ 50 
cl^^GGTCTGCGGAGGCCTCTAGGCAGCCGCGCAGCTTCCGTGTTTGCTGCGCCCGCACTGC 12 C 

121 GATGTACAACCCTGAAGAATrrrrcrATCCCTAirTGGTCCCCCTGGAGTAATAAATCCC ISC 

18: A:TA7GGAGA~:TCGAAAC7TTA:AAAGGGA7A7AGT77GAATrC7ArGGAGTG?AAT?T 24 C 

241 7G7G7AiGAA7TA7A77777AAA;.GA7~GAAGAG7777CAGAAAGAAGGG7AG7AGAGTT 30C 

: C 1 GAT7AC : GA7AG7T7A7GC7AAGC \GTAC7 7 77T7GG7AGTACAATAT7TTGT7AGGCG i 3 5 G 

3tl T7G7GA7AACAC7AGAAAGGAGAAG?T77ATC7TvTGA?AAA7TGATTAATGT?TACAAC 42 G 

421 ATGACTGA7AAT7A7AGC7G;L^7AG7CC77AAA7GA7GAACAGG77ATTrAGTT77TAAA 43C 

4^1 7GCAG7GTAAAAAGTG7GC7GTGGAAA777TATGGCTAACTAAGT77ATGGAGAAAATAC 540 

541 C7TCAGTIGA7CAAGAATAA7AG7GGTATACAAAG77AGGAAGAAAGTGAACATGATGC7 60C 

6:: GCAGGAAATGGAAACAAA7ACAAATGA7A?7TAACAAAGAiAGAGT7TACAGT7T?TGAA 65C 

ffl :7T7AA3CCA;l^7:CA777GACA7C;J:GCAC7A7AGCAGGCAGAGG7TCAACAAAGG77G 72C 

■"21 7GGG7A77GA:77:c:c:AAAA377G7GAGC7GAAG7AA77TAGCCCA:77AAG7AAATA "SC 

• J. : r. i '^jrnU G.-.7 J r7G7 -;7G.-J^.777AGC7T77Aj^J^.7A. 27G7GAGCA7A.7GAJ-.GG7777AA. 5 4 C 

^42 7TACT77To777A7TGGAA7AA;J.TGAGAT777773G37TGTGATG7TAAAG7GCT7ATA SCO 

r Z 1 GGGA-.A-.GA--.GC 77 3CA7 A7AA7777 : 7AC GT7G7GGGA7.--.-.7CAGT A.AT7GGTCTG7TA7 960 

^ - ^r.^-\ ..-/-■•^ . - - --r. _-„r,r.:-. . - . r*--•^r.'.;GC-.7r--'.7 - T.^^ _0^G 

1221 7GC77AGAA7777G77AA7A7AAA7CTC7G7GAAAAA7CAAGGAG7TTTAATATTT7CAG 238C 
- . r i rJ-. 7 . G 2.-. i C J.-.-- 7.7. JAG '1 :rC77T.-_AG7TAG7A77.A.A 2TGA-riGA77ATGAA.GArJ'-.7AGC 1 ^ 4 C 
- * .1 .". J . . _ — .*..-. . . r. . - _ — ■ 's^-jTZ 1 7 . .-«r.G - AG7 A7CT7 1 *i "J 'J 

_ _ c > - A7 -r^"j^.7 . -71 A-JA7AA.' jA i7 77A7-7AT7GA7T7G77T77G7GG7A»A«AAA.7'C7TAG 1320 

1221 77 2 A7G7GAJ^,GA.---.777 2A7G7GAATG777TAGC7A77AA-ACAG7ACTGTCAGC7AC7CA 1 3 3 C 

M 1 

22:1 7G:ACAAAAC7G:C77C:AAAGAC777::CCAGGTCC:?CG7A7CAAAACA7TAAGAG7A 144 2 

SEQ;D8-2 H K 7 a £ w 1 F ? G ? S Y Q rj I K S I 21 



- ^ •= - - ---- - - . .-.-v;; - .-. _ : 7 I 3 i - -.-.j;.- . - GLtA'JAAACA GCA^'\CP--AnC.AA-J-JL-.7GAAG i 1 E 0 0 

22 ^: 2; 5 7 2 L 2 J v; 7 s :•: k q k k w v ;i 

252 : A73AC7777:?7G7GAA7777A7AGAA7GT:7A2A7A77CAACT7TCCCC2CCGGGG7GC 256 J 
42 7 F 2 2 E L V ?. :•: S 7 V S T ? ? A G V ? 62 

15^;. 27G7C7:AGA;^GGAG7C77GC7 7G73GTGG7T77TA77ATAC7GG7GTGAATGACAAGG 1520 
^2 VSERS:.Ar;AGr?VTGVKDKV81 



1:21 C:ACC7.GGAA2A7AG-AG277G77:aG7GG77C77A:7CCAGCCTT7CTCCAAACGCTC 1952 

142 7 L E H S 3 L r £ G S : 5 3 L S ? N F 7 151 

1 r- 6 2 77P.n77CTAGAGCAG7T7AAGACA~G7CT7CA7CGAGGACTAAGCCCTACAGTTATGCi^J-. 252 0 

162 i: S A V I J I ? S £ R 7 N ? Y S Y A M ISl 

- 5 J 1 . Gr.GT AC'. G.AA--.-J-.G7 7AGA777 777AC7TAC -2 A7 A7G7GGCC A7TA>.C777777GTCAC 1 5 2 
1S2 ^TEEAFF77VHMv;?LTFLS?2Dl 
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1931 CA?C.-.GA.^.?TGGCA.i-G.-.G CTGGTTTTT;-. : IrrATAGGACCTGGAGATAGGGTAGCCTGC? 2 040 
202 3r:LAHAGrVV:G?3j?.VACF22: 

2041 "TGCCTGTGGTGGGAAGCTCAGT;j^CrGGGAACCAAAGGA7GATG:TArGTCAGAACA:C 2100 

222 A : G G K 1 £ V; E ? K D D A :■: S E H R 241 

2101 GGAGGCATTTTCCCAACTGICCA-TTTrGGAAAATTCTCTAGAAACTCTGAGGTrTAGCA 2160 

242 ?. :-: F ? N C ? F 1 E M S L- E T L ?. F S I 251 

2151 T-TCAAATCTGAGCATGCAGACACATGCAGCrCGAATGAGAACATTTATGTACTGGCCAT 222C 

252 S >i L S M Q T H A A R H K 7 r K Y W P E 231 

3 4 

2221 CTAGTGTTCCAGTTCAGCCTGAGCAGCrTGCAAGTG :TGG7rT?7ATTA : G7GGG7CGCA 2 2 SC 

252 E V ? V V ? V 2- A S A J F 7 V V G R >1 301 

11:1 A7 3 A7 3 A7 37 1 AAA . l-- J77 . 7G - . 'J 7' j A r 3 _ G'-j 7 . . -^.-.b'^ - -7 . *^G'j.--ri7L7 oG.-.'-:.-- ^ ^ ri 'j 

: 7 V K : F 7 : D G 3 1 R C V; E S G D E 321 



A_-A"C73CCT7GG 2530 
2 A •■ :■: :-: :: 7 r V V K S A 7 E 401 



2 *; 4 _ G A 3 A 3 A A 7 - . A.*-----. ,. r. ' - . . ^ .**.-.-. - . j . 7 . ■'_ o - .• -. .•vn'l" J L . b.-«r.' J - i:! . V 

422 E :i V E 7 7 !:= D : 7 3 A L 1 >: A E D E K 441 

7 .8 

:'::i AAA3AGAA3AGGAGAA3GAAAAA7AAG77GAAGAAATGGCA7CAGA7GA7T7G7CATTAA 2760 
442 R E E E E 7. Q A E E A S t- D L S L I 451 

2*^ ol 77C3GAAGAAGAGAATG377777777CAACAA7T3AGA7G7G7GC777C7ATCCTGGA7A 2820 
4£2 R E ^ R M A L F Q ; 7 7 7 V 7 P : L D K 431 

2:21 A7CT777AAAGGCCAA7G7;7.7"AAT;7J^:A33AA3A7GA7A77AT7AAACAAAAAACA7 23c 0 
4 = 2 7 7 E A 7 1 7 7 ^ H 7 I I 7 Q K T Q 501 

2"cl AGA7A37777.''.C-*-".r.,.'«.-.T.". , o-. ^ l .J-T'c'w.j-_- -^-i'^ 

"5C2 : ?7QAREL:D717VKGI^AAA521 

2?4i 73AACA7:777AAAAAC7G777A77J^3AAA7:GA77C7ACA7TGiA7AAGAACT7AT7TG 3C30 
522 V : F E C L K E I D S T 7 7 K K L F V 541 
8 9 9 10 

3011' TGGATAA3AATA7GAAG7ATA7CCCAACAGAAGATG77TCAGGTCTGTCAGTGGAAGAAC 3060 
542'"" DEj3HEV: P7EDVSGLSLEEQ551 

Fig. 3 (cent.) 

SUBSTITUTE SHEET (RULE 26) 

Pri::te:^ fro-: i-^in:os6 Cl/C^'IOOO 0?:7::31 p^ge -115- 



wo 98/35693 



PCT/IB98/00781 



1C/42 

55: Lr.RLQHER:C?:VCKDKEV = 7 5Sl 

i I TTGrATrTATTCCrTQTGGTGATCTGGTAGTATGCCAGGAATGTGCCCCTrCTCTAAGAA 3 1 S D 

552 VrlPCGHLVVCQECAPSLRKoOl 

3 : ? 1 AATGCCCTATT?GCAGGGG?ArAATCAAGGGTACTG~TCGrACATTTCTCTC??AAAGAA 3 2 4 D 

c32 C ? I C H G I I K G 7 V R 7 ? L 3 * 618 

I : ; 1 AAA7AG7CTA7ATT77AACC7GCAT AAAAAGGTC77TAAAATA77GTTGAACAC7TGAAG 32 03 

:30: CCATCTAAAG7AAAAAGGGAA7rATGAG?T77TCAA7TAGTAACA7TCA7G77CTAG7CT 33 6C 

3 3c: GC7T7GGTAC7AA7AA7C77G7?7CTGAAAAGATGG7A7CA7ATATi7AATCT7AATCTG 342 C 

I ■;: 1 777AT7TACAAGGGAAGA7T7A7G777GG7GAACTA7A7TAGTA7GTATG7GTACC7AAG 34&0 

: 1 GGAG7AG7G7CAC7GCT7G7TA7GCATCA77TCAGGAG77ACTGGATT7G7TG77CT7TC 354C 
AGAAAGC777GAA7AC7AAAT7A7AG7G7AGAAAAGAAC7GGAAACCAGGAACTC7GGAG 3500 

3 •;- 3 : TTCA7CAGAG7TA7 GG7GCC GAJ-.77 G7C7 7 TGG7GC7777C AC7TG7G77T7.-i,AA,ATAJiG 3 5 o 0 

3£-ri GA77T7TC7CT7A777C7:g:GC7AGT7TG7GAGAAA:AT:7CAATAAAG7GC:77AAAA 3':2C 



Fig. 3 
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il GAACTTT^CCTTGAArArGTAATGATTCATTATAACAATTATGCATAGTZTTTAATAATC 12; 

12 : TGCArA7GTTATGCTGCTTT:ATGTTGT~G:Gr^T7AArGA:T"CACA7Gr?TAATA7TT IE J 

25: ATAA7777rCTG7CA7AG777CCATA77TA7A7AAAATGAA7AC77AAGATCAG7AATTC 240 

242 TGC7C7G77TG777ATATACTAX777CCA7CAAAAGACAAAATGGGACTGAGG7TGAGGC 3 CO 

201 TGG7TGC7AAAGCAC777CC7AAAATGCAAAAGGCGG7A7GATGGATCCCTAGTACT7AT 360 

3 6 1 T7AAGTGAGAGAGAAAGAGGCTGGGG G7GTAGG7C7GTTAGAGC ATGTG7TTGGCATTAT 4 2 0 

421 G7GAAGCCCAAACAGTAAAAAAGGAGAACAAACAAAAGCGGAGACTTTAAAACTCAAG7G 4£0 

481 GTTvGGTAATG7AGGAC7G7AC7G7TTAGAATTAAAATGTGTCTTAGTTATTGTGCCA7T 540 

541 ATT7T7ATGTCAT:AG7GGATAA7A7A7TAG7GG7TAGTATCAGAAATAGTCCTTATGCT 500 

cC2 ~TG7GT7T7GAAGT?CC7AArGCAA7G7TCrCT7T:7AGAAAAGGTGGACAAG7CCTATT 66C " 

cf2 7TCCAGAGAAGA7GAC7T77AACAG77T7GAAGGAACTAGAAC7TTTGTAGT7GCAGACA 72 C 
5EQ.10-G-: >i7FvS?£G7?:7rVLADT2'^ 



' ^."--.'^ .r.^ .r^'--, ^: c_ - i ■^.-.o>...r..-..r«:^.. '.rL;G'oC\jr.<j'w i vJ'^-'o _ i 7'>^ 777.-. i.".CCGG7'j I 

2: 5^57 7SAS71A?.AGrLV7 G£5':^ 



G : 7 ■: V r ; : H A A : J ?. v: 



•. -■'1 G 7 



9^- rE13GAA :S?KPG:;=:;GQYKSll"? 

:ca::tgaga:?ca7g 22=0 



.. - ... 1 c". . ■.. ^ . '..i.-.or.-^^ . j.-.C.-. .J - » . 'j; - . r.77'7"^.-. sT.'LL A-w w." . .-. . ^ ..L oA i - u 

12: : y 1 2. ?■ 7 2 7 V D 2 ? D 7 I V ? ?. >i 157 

- 4 _ _ w - - — - - - - r. - 'o.-..- , -.G.*-. i - J-.-.^". ; V. 1 - - --A'o ^_ ^ w'-tClG'j.^-CTA - G 1 2 J t 

? A :•: 7 7 H 7 A - 2 ?: 5 F 0 K V; ? D V A 177 

_ . _ „..,.-. ^ . J-.--. ^- . . .-. J . . '.J ^ ^ -. T.'-.'^--^. c -jG',: ^7-j.'-. - G.-. . 1 .1 ^ 'J 

1 ~ - H L- 7 ? r. z. 1 r. 7 G L V 7 T G A J 2; Q 2 9 / 

- Z - : '.'J- - _ - 'j . - 1 - . - . ■ .-. ; ■. i ^- . . .; o ^ ^ . 'c jr r. . L c: _ 'o _ - J 

i7:- 7 ; : 7 : : 7 7 ?; i k :•: 12 7 ? c d fi a k: 217 



: 3 2 1 GG7CAGAA7ACAGGAGA7 A77 . 7777 AA". 7G 277 . 7'. G7TTTGGG 7G GGAACGTTAA7G 2 3 S C 

21: 7 7 K ?. ^ H 7 ? :: : ? 7 *; 7 G ?: V :: V 23" 

i3=2 77CGAAG7GAAr777G7G77AG7777GA7AGGAA7T7GC:AAAT7CAACAAAC7CTCCAA U4C 
23^ ?: S E G 7 S: 7 7 ?. M 7 ? X S T N S ? R 257 

1442 GAAA7C:AGCCA7GGCAGAA7A7GA;vGGACGGATC07TAC?77TGGAA:aTGGACATCCT lEDO 
25: F A M A E V E A ?: 2 V T r G T K T 5 S 277 



Fig. 4 
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1 2 

lEC: :AGTTAA:AAGGAG:AGC7?GCAAGAG:-^GATTrTA7:;C7?TAGG?GAAGGCGA':AAAG 1550 
2"t V:-]KHQLARAGFVALGEGDKV297 

1:51 rG;^-^GTGC7TCCAC:G?GGAGGAGGGCTCACGGA7TGG.=uAGa^^ 1620 
25c ?:CrHCGGG-TDW?:?5ED?WD317 

2 3 

1621 ACCAGCATGCIAAG7GCTACCCAGGG7GCAAATACCTA7TGGATGAGAAGGGGCAAGAAT 155G 
2:S VHAKCVPGCKYLLDEKGQEV337 

3 4 

1651 ATATAAATAA7A77CA7T7AACCCATCCAC77GAGGAATC7TTGGGAAGAAC7G^'^GAAA P40 
22B I X I H L 7 H ? 1 H £ 3 L G R T A H K 357 

4 5 

_ •• 4 1 .-J---.Cr.L'CAGCGC7A-.C7^A^A~^AA7 18 2-0 

IhS 7?P17?;::i:;D7IrQ>:?HVQE377 

-cJ- r^- jC . -tl-l--"., . ..--/^C- - C.-.AGGACC77AAGA.A.AACAATGGAAGAAA_AAA7CG 15c0 
1": A : ?. M F S 7 }; L L ?: ?: 7 X E E K "l Q 397 

1:: 1 AAA:A7:-::GGGA:^1AG':7A7:7A7:a:77GAGG7:77GA77GCAGA7CT7G7GAGTGCTG 152G 

39^ 7 ; G S S V 7 3 ^ E V 1 ■: A 7 L V S A Q 417 

5 6 

r. ..-.-.7.-. .-.-^ . . '.- _ A 3AAA jACA77AG7AC7G 19 

41^ >: r :: z : E : £ : 7 s 1 : K 7 1 E 7 E 437 

- : - --".G.-.-w c-w G _ ^ . 7.-^-. 3 AG GAG.A- GC777 7 7 ArJ-JlTCTGTAT'GGA7AGAAA.7A 2 C 4 0 

43^ E : 7 E E L Q E E K L E K : C :•: D R M I 457 

_ C" -^j . .7 .;'.„7.". . - . T ^ 7 . . 'J'. G 7-ACA7 77GGC7AC77G7AAACAG7G7GCAGAAGCAG 2 1 C 0 

45S A1V'7E?CGHLA7GKQCAEAV477 

11:1 77GACAAA7G7 7 7 7A7G7G77A7 AC 7 77CA77A7G777AA7 7AAAAAA7T77TATGT777 2 1 6 C 

47: 7 E c ? :•! c V 7 V 7 T ? Q E I E ^: S ^ 4S5 

1 1 1 A77GG777AC7A7A7277A7777777777G77CTAA77G;„-.TGTG7r^^^^^ 2227 

17:1 77AACAGCAC7GT77CC7TC7AAACA77GAA77777GGA7C77TCGAGTTATCAGC7GTA 234 3 
734: 7CA777AG7CA77G77T7ACTrGA77GAAAC777AGACAGAGAAGGA7TTTA7AGG777T 2 4 C 0 
14:1 7ACA7GiA7AT7G77AG7ACAC7GAC77GA77T7TA7A7G7AAG7GAA7TCA7CACC?GG 2460 
7 4 £ 1 A7G777 7A7G7 777-7G 7ATAAG77TAACAAA7GGAG7GT7G7G7A7AAGGATGGAGATG 2520 
752 2 7GA7GGAA7CTGC77AATGAC7:7AA77GGC7'7A77G7AAACACGGAAAGAACTGCCCCA 25S0 
25^1 CGCT77IGGGAG:;A7AAAGA77GT777AGA7G77GAC7777G7G777TAGGATTG7GGGC 254C 
-Zii .-. . "i - ^ .J.---. - 1 - - . -j: s". 1 . .- . . G - AC77.-.7 A . 3A7 A77T 7GG AA, J 5 9 - 



Fig. 4 
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SEQ.1D II" : TGGGAGT?CCCCG^AG:::TGGAG3AAA-3CACCG:a3:^TCTGAGCA-3CCC?GAGCCGGGC cC 
c 1 AGGGTGGGGGCAG7GGCTAAGGC rTASCrGGGGACGATTTAAAGGTArCGCGCCACCCAG 1 2 0 

111 -Cacac:c:acaggccag3cgagggt:cca:ccccggaga?cagaggtcattgctggcgt isc 

: 8 i TCAGAG :CTAGGA-hG7GGGC7G CGGTA.TCAGCCTAGCAjGTAAAACCGACCAC^AAGCCATG 240 
241 CACA.A-AACTACATCCCCAGAGAAAGACTTGTCCCTTCCCCTCCC'TGTCATCTCACCATGA 500 
3 0 1 ACATGGTTCA.AGACAGCGCC':?TCTAGCC.A.AGCTGA?GA^,GAGTGCTGACACC?TTGAG': 3 5 :■ 
SE0.ID12~-1 KVQD£A?LAK1MK3ADTFEL20 



^AGr.^rTGrGTCA^AAA^^A^rC.G^rTC^rGCrGGCTTTTACTACACTGGT^CCAATG 4-G 
'■'^'^'5^^H--^AGrVlTGA^^^iD6C 

4:1 ACAAGGTCAAGTGGTTCTGCTGTOncrTGATGriTAGACAACTGGAAACAAGGG^ACAGrC -4C 
^- ^' ^" ^ - G 1 :•: L D Iv ?: Q G D S ? 8C 

rrrGAATccAG eoc 
:: p A 



rVrTTr-CTT-rTrGACGGCGATGAGCACCATGC 5c 0 
^ - - ^ S P ?; ? 3 L ? S V A "M S T M ? 120 

C:rrGAGC:?7GCAAGT-:C:GAG;^TAC:GGC?A7rTCAGrGGCTCTTAC7CGAGCT"TC 72C 
121 lcFAiS£MTGVFSGSYS3?P14G 



• J - V . . ■_^^r^^_ . - : _ . J J J ~G ..AAA7CAAGAT . G7CC7G7T77GAGCACAAG7CCC7 % 
F ?. A :: 3 C ? A L 3 T S ? V 160 

r. _ . 7 . . ^:-.r.„.-. >rr/^r^- ::3-'_r.j-.".77A77Cr.7C7A7GAAA2ATGGC!CA7737 84 j 

^ r ^ T E A F 1 1 T V E 7 W ? 1 5 IcO 

C777TC7GTCA:CAGCAAA3C7GGG:AAA3CAGGC7TC7AG7ACA7AGGACC7GGAGATA 90C 
^-3?A?•7AKAG?YYTQpr:r^p.20C 

901 3AG7GGCC7GC77:GCG7G::3A7GGGAAAC7GAGCAACTGGGAACGTAAGGATGA7GC7A 9riC 
*■■ C 7 A C 7 3 3 V: E K K D D A K 220 

7G7:AGAGCA7rA3AGG7^"77-""':'A3::7G7::-;;;7:T7AAAAGAC7T3GG7CAG7C7G 1020 
^ ^ : ^- ^ ^ ^- : V P F L K P L G ;) S A 24j 

— ■-•i^~^r..r.:^r,.. . \z: - - A' " "GA 3 !*A7G7A3A 2A7A 3G 2AG CC CG7A17AGAAGA7 ]C5} 

^■^^ ^ - ^ W 7 H A A R I F T F 26C 

1 J : 1 ?C 7 CTAAC7GG :C77:7AG7GGAC7AG77CA77CCCAG3 AAC77GCAA.GTGCGGGCT777 1140 
^ - ? ^ ^ A 1 \- H S Q E L A 5 A *G r 7 2SC 
2. .3 

A77>,TAGAGGACACAG7GA7GA7G7CAJ-.GTG7T7T7GCTG7GATGG7GGG7'^GAGG"G"^ ■ 20C 
251 VrGHFrDVKCFCCDGGLKCVjicO 

._.2^^„, _ 3 

i. _ i ■^■^ . •_-.<^--.-.wr. j'.':^ — ■ y^-^- . v-^-.-.- L.-C-^-CC—.G - GO . - 7CC.-_AC-G7G7GAG7AC7 1260 

3C1 3 G r 2 r V E H A F -v F ? R ' c E Y L 320 

Fig. 5 
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r T -gtcagccj^gt:c;.agctggctatcctcatctac 1 3 2 c 

321 L:^:KQ-jEF7SQVQAGYPHLL340 

1321 rrGAGCAGiWlP/TCTAC-GrCAGACrC :CCAG.AAGArGAGAJiTGCAGACGCAGC&TCG 1330 
341 EQ L1STSDSPEDHMADAAI V36C 

13 51 TGCA?T?TGGCCC:GGAGAAAGTTCG:^AAGA:GTCG':CATGATGAGCACGCCTGrGGTTA 1440 
361 HFG?GES3EDVVXKS:?VVK330 

1441 AAGCAGCC7TGGAAATGGGCrTCAGTAGGAGCC7GGTGAGACAGACGG?7CAGCGGCAGA 1500 
381 AA1E>:G?S?SI.VRQTVQRQI400 

15 TCCTGGCCACTGGTGAGAACTACAGGACCGTCAGTGACCTCGTTATAGGCTTACTCGATG 1550 
4C1 1 A T G E i; I ?. 7 V 3 L V I G 1 I D A 420 

6. .7 

}cggc:3aggaggaggagt:agatg leic 

E E E £ S D D 440 
-til — ■„ . . „ ,* .r.--- -J.- _ . j7 3 ^ . - . 7C-_ A.-.CA77 - GACGT37GTGACAC 1 1; 3 - 

441 1 A L : ? :•: :■: V L r ; H L T c V T ? 450 

461 :•! L V C 1 L S A ?; A : 7 E Q E C N A V K 450 

1 - r-r. 7r.G."^-_-- _ C.-. Z.~. _ 3 . r.: 3 3r.A.G 7.-. C AC i 3 A77=w ATACTG7G7TAGCA_AAAGGA-A. 1 5 u 0 
451 :^PH7LvAS7^13TVLAKG::500 

501 T A A 7 S E F. :: 3 1 R E I D Y ^F^ D 520 

7 ,8 8. 9 

1 E f 1 A7A7A77TG7GCAACAG3A:A77AGGAG7:77:CCACAGA7GACAT7GCAGCTCTACCAA 1S2 3 
521 I r V Q Q 7 ■ R S L ? T D D I A A' L ? H 54C 

1 - — i . o _ 77l _■ j:.- j: j. w.-_-.TG7G ^ rvn.-iGTG - G -.~.7GG.-.CCG*'^-3 1 9 i J 

541 EECLh>:i;EERKCKVCHDEE550 

l?:.l AG37A7C:A7CG737::A77C:::3733CCA7C7GG7CG7G7GCAAAGACTGCGC7CCCT 2 34G 
561 V S I V ? : ? C G H L V V C K D C A ? 5 530 

2041 ::7C73AG3AA37G777CA7:7G7A3AGG3A:3A7:AAGGGCACAG7GCGCACAT77CTG7 2100 
5il 7?. ECr:CEG71EG7VR7rLS oOC 

^ - w - ^. ^ , -.0.-.- J - . . , ,-. . . . I -.G'_-.---_-b."'_-.-^ . . -Jr.', 7'G7l.- C 1' iic . 

2151 CCCAG3TCCA773GGAA:77GAG3C :AGC37GGATAGGACGAGACACCGGCAAACACACA 22 2 C 
2221 AA7A7AAACATGAAAAA:7T7TG:c:GAAG7CAAGAA7GAATGAA77ACTTA7A7AA7AA 22SC 
2231 7:7rAATTGG77::c:7AAAAG7GC7ATT7GTTCCCAAGTCAGAAAATTGTTTTCTGTAA 2340 
2341 ACATA7T7ACATAC7ACCTGCATC7AAAGTA7TGA7ATATTCATA7AT7CAGATGTCATG 2 4 0 C 
2401 AGAG AGGGT777GT7C7TG77C :TG AAAAGC AGGGAT7GCCTGCACTCC7GAAA7TCTGA 2460 
2 4c 1 G.AAi^GA7TTAC;'J^ "GTTGGC A77TA7GGT73 AG AA.^.C7 AGA.nTCTTC7CCCGT7GCTT7 A 2520 
2521 AGAACCGGGAGC AC AG A7G7CCA7GTG77TTA7GTA7 AG AAATTCGTGTTA77TAT7GG A 2530 
2 5 SI 7GACA7T77AGGGA7A7GAA;-77777ATAAAGAAT7TG:GAGAAAAAGT7AATAAAGCAA 2040 
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5EQ. 'Do — 1 AG7T ATAT.-A--H7r.C or-JiOTTTTCrA-A-jl- A.AGGCTr;3?3C^^^ 5 0 

61 A^iCAGATTCTTAGTTATrTGAGGTAACAAAAGPJvAGCCATGrCTTGAATrGATTCGTTCT 12C 

121 TAATTATAACAGACTTATAGTGGAAAGGGCCTTAAACACAGGCGGACTTTATAAAATGCA 180 

IE 1 GTC?TAGG?T?ATGrGCAAAATAGTGTCTGTTGACCAGA?GvATTCACA?GATATATACA 240 

141 GAGTCAAGGTGGTGATATAGAAGATTTAAGAGTGAGGGAGTTAAGAGTCTGTGCTTTAAG 300 

301 CGCAGTTGCTT?ACAGTGAJiTACTG-TAGTC?TAA.TAGACCTGAGCTGACTGCTGCAGT7G 360 

3 6 i ATGTA.:iCCCAC?nAGAG.iJ^TAC?GrACGACATCTTCTCTAAGGAA.AACCAGCTGCAGAC 4 2 0 

4 2 1 7TCACTCAGTTCCTTTGATTT CATAGGAAA-.GGAGTAGTTCAGATG^CATGTTTA-AGTCC 4 8 0 
4 SI TTATAAGGGAAAAGAGCCTGAArATATGCCCrAGTACCTAGGCTrCATAACTAGTAATAA 540 
541 3AAGrTAGT?A?GGGT;jiA.7AGATGT:AGGTTACC:AGAAGAG?TCATGTGACCCCCAAA 500 
G 0 1 G AGTCC - .^--j:T AGTG?CTTGGC.-.^/:CGAG ACAG ATTCGTCCTGvG AGGGTGTC A^^^ 5 6 0 
£ f- . CAGTCCr--/Gr.HG.-J^.GACAA.TX---.72TAT7CAGTCAGGTGTCrG^ 72 D 
"1 1 :CAAG7GGTGAG;JJ.C7TCA7G7GGAAG77TAAGCGGTGAGAAA7AC7A TvACTACTCA? 780 

1 H 1 

" B 1 GGACAAAAC7G7C7CCCAGAGAC7C3GCCAAGG7ACCT7ACACCAAAAACT7AAACGrAT 340 

SEQ.iD:^-2 :;::7VSqfi2vG7lhqkl?:h:21 
22 :•: E ?: 7 : 1 J :; v: T ?: E 3 E E ?: M K F 41 
42:e:^:eiv?::{;7ysaf?rgv?61 

:^ T . I'vjT'^ ^ ^r. ,j.-G.n'.j-j.-.o7«_ ► 's:; 'J 7'^ _; i _-C _ '^Gl77 i 7r.77.-i :.'-.'^r'jj;G7G 1 'oA-P-. i. G ACAAAG7 1020 
£2 7SE7ELAEAGFVY7GVMD?-V51 

S2 c F c c g i m l : m v; ?: o g" d 's T v e i:i 

1 '. T- - . .-. ... --. . .. _ . ^■_.-.'wC7'. T . n'x_.'-.'w.-".L 1 7 _ Gv- - . - w.-'.GC'w.-. o7C . i ^ rs u 

102 K H F: Q F 7 r 3 C 3 F V Q 7 7 L S A 3 L 121 

1141 2CAG777CCA7:7A;.3AA7A7G777777GTGAAAAG?AGA:77GCACA77CGTCACCTC7 1200 
122wE?5KNK3?VF5RFAHSS?2i41 

J- ^v- -w - _ - jFb-. 7-_7-. jjCCC - CT _>»--.T7-_ -r-G.-'.'jiGA.G i"GGA 125'j 

141 E F 3 G I H 3 :: 1 C 3 3 ? L :•: 3 R A V E 161 

Ij.':- . r. --r.', - - i 1 _ --r.\r^.-. . '.- : J .. 1.7'.- ^.--.G'w - . '-CG.*-. - "jr. ^7.-.'w.r.Gr-r.GAGGGC.''.GA.T7 1 3 4i L 

Ifl 7 F S S F D ? 7 3 7 A K 5 T E E A R F iSl 

112 : 7777A:7:ACA77A7G732C7777AAG7T7i77G7GA7CAGGAGAGC7GGCCAGAGC7G2 1380 
1^2 :: 7 Y S V: ? I 3 F 7 3 ? A E L A R A G 20i 

"202 F V V : G ? G D R ^; ^r^l'' F \r''c''^G""G"^i=!^**''r"*s"' 221 " 

1441 CAACTGGGAACCAAA2GA7GATG:7A727CAGAGCACCGGAGACA77TTCCCCACTGTCC 150C 
222 W E ? F r D A i: 3 E H R R H F ? H C P 241 

.501 ATTTC7GGAAAATAC7TGAGAAACAGAGAGGT7TAGTATA7CAAA7CTAAG7ATGCAGAC 1560 
242 F L E M 7 3 E T Q R F 5 : 3 N 1 S M Q T 261 

Fig. 6 

SUBSTITUTE SHEET (RULE 25) 



2:31 i:aqe 



-121- 



wo 98/35693 



PCT/IB98/00781 



15/42 



1551 ACACTCTGCTCGATTGAGGACATTTCTGTACTGGCCACCTAGTGrTCCTGTTCAGCCCGA 1620 
252 H S A R 1 ?. T ? L Y v'. p F S V F V Q P E 281 

1621 GCAGCCTGCA.^GTGC?GGATTCTAGTACG?GGATCGCAJiTGATGATGTC2iAGTGCrT?TG 1680 
232 C - A 5 A G ? Y Y v D R N D D V K C F C 301 

1631 ':TGTGATGGTGGCTTGAGATGT?GGG;J.CCTGGAGATG ACGGGTGGATAGAACACGGGAA 1740 
302 C D G G 1 R C V; E F G G D ? V; I E H A K 321 
1 .2 

1^41 ATGGT . TCCAJ^.GGrGTGAG . TCrTGATA:GGA?G-A.AGGGT: AGGAGrTTGrTGATGAGAT 1800 
222 ;vEFRCEFL:RMKGQErVDEI341 

2. .3 

.EC- rCAJ.GC?AG Ai ATC GTCA YCTTCrTGAGC AGCTGTCGr CC ACTTC AGA C AC CCC AGGAG A 1 S 5 0 
342 QARY?HI:Ev--S7SDT?GE361 
3, 4 

1561 AGAAAATGC?C%-;:CC7ACAa^GACAG?GGTGCA? : 77GGGCCTGGAGAAA.GT7CGA^AAGA 1^20 
]62EVAD?7ET7VHEGrGESSKD381 

. j:r. i U.-. J. . 7 J ! - ------GCA!^ '7'T"TGG.A-.A7GGGC77'"*AG~'A-'^'" -G 19"*' 

lis V V 'A K £ T ? 7 7 r. A A 1 £ v G r S .-: S 401 

- _ s. . - . ^.-.G.- „ : . •. ^-^ j;.--. . 777 J GC I'AC 7G 1-7 GAG.A-.77ACAGGAC GG7 2 0 4 0 
402 1 V R C T V r R ; : L A 7 G E N V R 7 V 421 

2 041 C.---:7GA7A77G7C7CAG7AC7777GAA7G77G.AnGA7GAGAGA_AGAGAAGAGGAGAJiGGA 2 1 C D 
422 ii D I V S V L 7 :i A E D E R R E E E K E 441 

4-5 

2101 AAGACAGA:7GAAGAGA.GGCA7CAGG7GACT7ATCA7TGA77CGGAAGAATAGAATGGC 2150 
442 R Q 7 E E :•: A 5 G D L S 1 I R E N R M A 461 

462 7 F :; L 7 H V 1 p'l'* ""f '5" **?*"7' ' f V^A^^S^'v' 48.1" 

2221 AATTACAAAA:AGGAA:A7GATA77A77AGACAGA^:ACAGA7ACCC?7ACAAGCAAG 22ao 
- = ^- T}:gEH7IlRQR7Q:?LQAR5Jl 

^ ^ : - AGAG ~T7A.77GACA77G7777AG77A.AGGGA.A'i7GC7GGAGCCAJiGATC77CAAAAAC7C 2340 
E02 E L I 7 7 V L 7 R G i'i A A A K 1 F K N 3 521 

^ _ _ „ 5 _^ 

- ^ . 7 - T -r..-.G ^-.A"-.~ 77 G A 77 77 A7G7TA7 A . GAAA-. GT : A . 77G . G G AAA-A G.--A7ATGAJi.G7A 2 4 0 C 

522 lreidrtlye>:lfvek:jvky541 

^ _ ^ 6 7^ 

z ; 7- . . --^ :„.-_-. •^-.j.-r.Gr.L G . : . 7AGG777777A77Gl^-7-.GAGGAGT7GCGGAGA7TACA-AGA 2 4 5C 
1 ? 7 R 7 V RGLG7EEQLRRLQE561 

2461 AG A.AGC%-J-.C7TGCAJiAGTG7GT A7GG AC AG AGAGG77TCTAT7G?GTTCATTCCG'"^GTGG 2520 
562 E R 7 C R V C M J R E V S I V F I p C G 581 

2521 77 A7C7AG7AG7C7GCC AGG AA7G7G :C7 77777C7AAGGA;vG7GCCC7 A7C7GGAGGGG 2580 
532 HLVvCQECAPSLRKC?:CRG601 

2 5 B 1 GACAA7C AAGGGGACTG7G7G7A7A7 7 777 7TCA7GAG7GAAGAATGGT 77GAAAGTA7^ 2 6 4 C 
502 7 I R G 7 V R 7 F 1. S ^ 612 
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2541 GTTGGACATCAGAAGCTGTCAGAACAAAGAArGAACTACTGATTTCAGCTCTTCAGCAGG 2700 
27Ci ACAT':C-ACTCTCrT7CAAGAT?AGTAA7CTTGCT?TATGAAGGGTAGCATTG':ATATTT 2760 
2761 AAGCTTAGTCTGTTGCAAGGGAAGGTCTATGCTGTrGAGCTACAGGACTGTGTCTGTTCC 2820 
2321 AGAGCAGGAGT?GGGATGCrTGCTG?ATGTCCTICAGGACTTCiTGGATTTGGAJiTTTGT 2880 
2581 GPJL^GCTTTGGArTCAGGTGATGTGGAGCTCAGAAJiTCCTGAAACCAGTGG 2940 
2941 TCAGTAGTTAGGGTACCCTGTGCTTCrTGGTGCTTTTCCTTTCTGGAAA.ATAAGGATTTT 3000 
3 0 C 1 TCTGCTACTGGTAAATAT1TTCTGTT7GTG AG.AAATA?ATTA>JiG7GT?TC?rT7AA^ 3060 
3061 CGTGCATCATTGTAGTGTGTGCAGGGATGTATGCAGGCAAAA^ACTGTGTATAT^^^ 3120 
312: TAAATCT7TTTAAAAAGTGTAAAAAAAAAAA 2151 
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